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^ (54) Title: PARAMYXOVIRUS VECTOR FOR TRANSFERRING FOREIGN GENE INTO SKELETAL MUSCLE 
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^ (57) Abstract: It is examined whether or not a recombinant Sendai virus (SeV) vector is usable in transporting a gene into a skeletal 
tH muscle by using LacZ reporter gene and insulin-like growth factor gene. Asaresult, the transgene expression is sustained for] month 
at the longest after the injection. Compared with a control, the transfer of the insulin-like growth factor gene causes a significant 
increase in regenerated fibers and a significant increase in slipped muscle fibers, i.e., an indication of enlargement Also, the total 
O muscle fiber number is increased thereby. Thus, it is indicated that the paramyxovirus vector containing Sendai virus achieves (he 
high-level expression of the transgene in the skeletal muscle and that Ihe transfer of the insulin-like growth factor gene with the use 
of the paramyxovirus vector is seemingly highly useful in treating neuromuscular disorders. 
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mm 

tiii 

^ * ^y<M;i/*ffif4 (Paramyxovirinae) 77F^/W (Rhabdov 
iridae) „ ^ 9 VM^T. (Paramyxoviridae) % << P *j4 h7s (Fil 

oviridae) 3«(Z)M^*nSo :n&tt> mRNA*£j& StfT^fliy 

yAo^©fe«>(o»sifcbT«Mi-rs*^»s (-) ^RNAyyA^-r^s 
x>^p-r*%o<>>f;i/^^a&So (Sev) 715 

£ftT^£ (^^MHi7*DhD-/l/ 1995. 4) o SeV 

A • Zi?\/3r3- PKBIfck 1986 ^fc: Shibuta 5> t<t t) &££ftfc 0 £ £ t> Jfc 
JtftSl^nfe SeV cDNA^&JSSS^-f^ftEUR-rSilfc^^sbbfefe^ fltfi 
^ftOTtlfc&ofe(C(mzelmim, K. K. Aram. Rev. Genet. 32, 123-162 (19 
98); Y. Nagai, A. Kato Microbiol. Immunol. 43, 613-624 (1999)) 0 

*U S&Ti^l/^;i4c SeVfc£UTSgSI£ftW§(Yu, D. , T. Shioda, A. Kat 
o, M. K. Hasan, Y. Sakai and Y. Nagai Genes Cells 2, 457-466 (1997) ) G 
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-r >x u >wmffia& (igf-i) a, wmo&Ms g& j&un^^x 

■5&®«l**feto jKJR«Bafc»-r5 IGF-I ©»*fctk fl££fflJttfcSU ffifi 
^bs RVmm*<DMWLifi$titlZ (Annu.Rev.Physiol. ,53,201-216(1991), 
Endocr.Rev.,17,481-516(1996K Cell. , 75, 59-72(1993) x Genes Dev., 7, 2609-26 

i7(i993)) o mm&wts mmmmmmomm. m^om^, Rmnmn 
E4te*ft3o mmmmKis^xmsiZtiz igf-i&, ^^su^iaijisoii^s^ 

^b©fetoO^^|iMa?hbTftffl-r5 (Acta Physiol Scand, 167, 301-305 
(1999)) o IGF-I Mfc?mX\±, #iM;i>att*fcJ§^fcN |» 

m&H&m*m<Dfe** aav^*-£jiv^ mm^mmhtz^mwmm^ 

OMWffl^ntl^ (Proc. Natl. Acad. Sci. USA., 95, 15603-15607(1 998)) 0 

tp-z^ts^feffi^oft&Mfc^mxmmm^ 3a£vm^?*-*m% lx 

it, »ISI5^©afe?*fc3ai©fc» N LacZ l/slWHtfc^XlFfc h • >f U 
>Hii5ilH? (hIGF-I) fc^fc^ff^SfflftitHzV^-f "M/l/* (SeV) ^ 

LacZ/SeV ©S5ft|*|&iJ© 7 B^ s >®S»/*M»(-* > ^ 

t, #ik© x-gai mmszimtfi&to n> b ^ v-y%mmmkWcK 1 * 
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mtmhko wim<D%m±.m*£, nm&ty^nMtvz, iGF-i/sev 

StFHt*:©J:-5«^«8*«J*fli**W-TV>fco IGF-I/SeV ©a»Afci\ La 

C2) ^7^^v^^;i/^* 3 -fe>^e7>f;i/^T-fei.s U) fc!B«02f&> 
C3) ^ai^^JRMjt^-e&Ss CD Sfett C2) tc|3«0^& 

C4) ^*jtfe?*»-f >x u ^tRitaEH^* n-h-rsaifi^tfftSx ci) 

*fet± C2) tffl«0^& 

C6) /^^v^;vxjbHz>#y ^;k*t*&£n C5) fcflBffc©^* 
C7) C5) C6) fcfB*®'*** 
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Cio) /^^v^;i/x^>*m^;i/;*^&2k C9) £fS«Mj& 
(in ^ja^^^Mitfe^ ^ c 9 ) li fcfct c i o } icettoia 

. rv iur.. 

mm 

C9D *fei± ci o) izmmommm, 

7^^ve?>f;i/X^^^-H:UJi?S^w^5t (RNP) tfeotti<^ £fc s 
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agai, A. Kato, Microbiol. Immunol., 43, 613-624 (1999))o 

£ £^t;^ ^ ? v t> -i jix t ttix ? ^ ? v t>4 frxm^mt z t> << jv 

MfLW^ K $ V ;i/^^®(Paramyxoviridae)©-fe <> ^ (Sendai v 
irusk xa.— fj y^HS'W ;i/7s (Newcastle disease virusk < frif^ 

4 )IX (Mumps virusk fte^'W^X (Measles virusk RS »M;1/7n( Respirator 
y syncytial virusk rinderpest virusk ^7^>^— t?4 

(distemper virusk tf;wt7-f >7;i/x>1f e?-f;i/^ (SV5) ^ fch^v-f>7 
;ux>yi>>f^^ 1,2,3 M^^lf^tiSo #fPJ©<M;i/7s&s JffSKH:^ 
7^^V<7>f;i/^JS (Paramyxovirus) K-MtZtj )W£tz&*OM^fo'&b 

-i >M;i/*(Sendai virus)£ J;l>*t h HA2 &£*£tr>>l5>f >7;n>if ^-T^P 
* Ilk •b-;i/SV5 43«fc'U t SV41Mtffct r CAfc£&£fc;W >7;i/x>1f«>>f 

>7;i/x>if4M (AffiS^it^BffiM^^tf) s A>7°7<M;i/7, xa-* 

y7;i/<M;i/7 N ^t5t^©ffe0^<©^7^7ve7-r;i/7M^^;v^^sn 

Df#5o DI«tfP (J. Virol. 68, 8413-8417(1994)) m<D^%±t>4 
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P N M, HNx fcitFLaME^iteSftSo r NPs P^ M s F> HN^ fcitfLStfe 

/^^^V^-T^XM NP P/C/VMF HN - L 
;i/^^^;i/^Jl NP P/V M F HN (SH) L 
^-t:U<M;t/*JI NP P/C/V M F H - L 

#"J^.^^5.^v>-r;V^# (Paramyxoviridae) ©l/XtDH;^W (Respi 
rovirus) £#83*1 3 -fe «W ^^©^^©^IH^JC^-^^-X 
©7^*y*/3>»9tts NP Safest: WC fci: H2934k M30202, M30203, M302 
04, M51331, M55565, M69046, X17218, P itfcTCo^T«: M30202, M30203, M 
30204, M55565, M69046, X00583, X17007, X17008, M atfc^fco^Ttt D11446, 

K02742, M30202, M30203, M30204, M69046, U31956, X00584, X53056 N Fitfe 
TCoi>T& D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69 
046, X00152, X0213K HNSS&?fcWCIi D26475, M12397, M30202, M30203, 

M30204, M69046, X00586, X02808, X56131, L jftfcTCWC & D00053, M302 
02, M30203, M30204, M69040, X00587, X58886 to 

* «fc U sffif 4 A * fettT" >^-fe >X UNA ft £®*lflfcl8 RNA h* 

DI#-5o ^fes *%W\iZ£^Z r DNAj fct± x -*tHDMA^«fctJ t =*ISDHA^ 

tfo 
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werei*. K5\9v*?<( )is*<D—o-e$> % -t > ^ «w jit tmibTi&^ 

r. 

^;i/^^-iitf ^®3t^F?&*©BS*SC» t fc ffl £ ft 9 S c ^ 
i££ft£o T^TX HDNAfc*Sft#*^CDl8:lBU #AbfcDNA£) 

fe^O^tts «JMrtfc*^TfBUffl£^a--:/y >S <fctf RNA # U 
&^fc#*.fcft3o -fe>^e7^;i/^(iS*^ci:oT(±^JlST-I$^ 

££bS£fc#*ne>nww At^i/t(MTO^o entity 

£^£&v^v^ £ft£T-©$g£££^T&£f$£ftT^£ (Hurwitz, J.L. et 
al., Vaccine 15: 533-540, 1997) 0 -fe >M JlXOZMOftmt, * 
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, P , M (vh'jy^) N F (7a-i?a» , HN 

frt>?fc&£nx^x%&^o 

nzm&mm&Y7>zfc<&mi£t%zt>tix\,^tp, mm&nm%n-\*t% 
Mfc^&mt. ^wo^jftz^zz-iz&tbb^tnx^z&WAit^o 
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£>f;i/*fi*0lE«©S;£T-&< J:*k SK0#XK::i3tt5M£#^R 

<m;k*^#-£RNP atiltsi^' unsoieiftM^^. rn 

ffl^cD h7>X7x^7>>3>iie^fiJffiT^2)o 0"J;tfc£s DOTMA (Boehringer) s 
Superfect (QIAGEN #301305) s DOTAPs D0PE N DOSPER (Boehringer #1811169) 

tbUZZ (Calos, M.P., 1983, Proc. Natl. Acad. Sci. USA 80: 3015) „ It 

*^©^7^^v»>-f;^^^^-i:b'Cffiv>scfc* t, Tf*So £ 
©«fc?fc^;i/;*^*-0}¥«l)£fc^ mfck &«UT^53tfe?£to*#* 

^ # -tt, g£M "M m£€£flU&£&* bt *BljeiB£*jB £ f ^ 

•^3#A^nfe^^^-^VA{±cne)©v^t*n*©»fe^^^abTv^fe 
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^^^^-©w^^^^-e^a (aistms#-t pct/jpoo/03194 

PCT/JPOO/03195) o Sfc, F*^E8te<ttc8&£ftfc££ 

*®7 , $>'Kia5!ia<>-f;i/^fi*©iB5ii*0S$T?a< 

^Ks W*tfzfc6ttOrtifce7-f;i/* (VSV) OG^Wt^I (VSV-G) 
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»©«M6&»»s z.tm%.t>ftz>o ztz, m&tmm®i-o-z&%mm& 

^Jfll^mS^T^ § ^ v > (hemagglutinin) m& £ J -i 5 ^ - 

^— fe* (neuraminidase) «ttfc®Pi#0«tt**«Jft #J/t««©7£tt£ 
i§& 5 c h S fittx ©££t££ ft _t 2 -fr § c £ ifi Rjf&T- 

-AoB^ifeftwti-rsii:*^**. %tz, fmts mm^motm^t-^ 
z^?#-v;MzftMm.te?%m\tzztK£-3zm*>ft5o 

SSa3Sfc^©«H4W1-5SeS*3-K1-5ISDs amtfe»A 

§ £ j&©$&*/8 jfi&f a -r s 0 »> ^ * * — dna ^atfe? % $ a -r 

58Mi. 01* t& *>y>($4)W<!7*-Mhiz$;^TlZ, fe¥^(E)IB 
Wfc<53ilB*6(S)KWfc©|B3&5irfc % 6©^R©jm»**-rSjlB3?iJ*SPXf s 
££#M£LU (Journal of Virology, Vol.67, No. 8, 1993, p.4822-4830) „ 
ft#3tfi*HU t7 4frX<D&m&& (NP\ fs M, Fx HN, fcitfLjtfi?) ©If 
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1 2 

3fc-rsfc«k ^jtfe^oHuSfett^^fcjtit e-i-s ia^a (fe^ewaisni- 

-M^Xfcl&^Tyu ^A&a#^;W*^A©*#^:/i|RNA© 
£fctf>£yu ^ift^HF* NP Jft^©±«E (T-f^ji{3^V>T(i3'ffllJ) isfc 

fe^©±^ (*#^ -f ^fcfc^TB: L jtfinFO 3' Rgffltfft) £ 

8tt £ & s ta? tcttms® 1- s e t * s 0 t » x-e * § x 5 
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ft&Mfcttm?%mk5L*yyj<??4)\'X'<zz-\±, mz&s Kato, a. e 

t al., 1997, EMBO J. 16: 578-587 Yu, D. et al., 1997, Genes Cells 2: 
457-466 0!Bil:f DT, &© <£ o 2> £ k#T* £ 3„ 

£ 1\ PtfH©^**^© cDNA i&mim *<ati DNA ^Tlcf So DNAsfc 
n\*s 25ng///l W±©^-e«MM69t#-CD7-7X ^ K tmWX* 

-raDNAMAf Ji»JCtotPJt§o gl^TTS cDNAilSra©* 
£NotIE»&5^£n£l§l^ M^JlMJI#A&&££ffl^T, n- 
h*1-£7^ y#lB^J£^{b£#&l^5fci£SI3mMU NotI M£^«> 
m£LT£ < b^o ^©M^^m^©*^™^^ PCR £ <fc t)ifi|fi 

^ommm^mm (e) ^ ft&mm (i) w^s^ra (s) (Eisia^j) 

(D^V-ZtttotZtcMZ, NotI $iJW^WMiS^JSiFte¥^iB?'J (E) s 
^ftiB^J (I) stK^¥«ra (S) i:@Ma?©-SP©ra^^tf7-5>rv 
-ttt bT^ 7 * 7 - H<||^ DNA EaiXtf U ^-*fl*J* DNA IB?iJ( ^>3Hz 

7*7- DNA Notni^SW^fiEt-SfetotcS' 
{flJ££iUD2W±©7 7l'*^K (»tb<«±GC6 % £«fctf GCC&£©NotIB 
BMS*©i^j#£*ftfc^4tt2k 5C$?£b<y:ACTT) fc«RU ^© 
3' ffiflfc NotI Btt&tt gcggccgc fctiHD U £ & fc*© 3' ffi!|{C7^— 9— iE^J 
bTffit© 9 J&gSg; fctt 9 1 6 O^R^ftlit fej»0ffiS*f^Jn U £ £>£*© 
3' 111 tPJfM© cDNA ©H^3 h* > ATG £ dft&^toT ORF ©$J 25 Jg*ffl^©13 
81 fcfllJD b fe J&B tTZo 6SfettCfcftS<ta fcSIBrS© cDNA 

25 bT 7*7- Kffl*J** U =f DNA © 3' fcf S C k tfi 

SftbUo 



WO 02/31138 



PCT/JP01/08372 



1 4 

U A-^dl^ DNAiB^!J(i 5' » £ffit© 2 W±©7 7 j? b < 
ttGCG, ^<t^^'GCC*h*©NotIEii«fi*©iB^^Sn^V^4^S^ £fc 
*?f;b<fci:ACTT) &*RU *©3'fl|K:NotIK«aJttgcggccgc%ftiOU £ 

Jr >J □ DNA ©:ft£ f±, NotI M gcggccgc £^#>, cDNA ©ffiffi^SiE^J h 
1 5 -fe > t> 4 jvx fc ft*T § -b > £ -f y y a © e I S i&mm® 
Gmti s G<Dfe%t£-&Z£51 l Zj&mtt.%mmtZ (^fc>*9>3 r6®;i/-;i, (rule o 
f six) j ;Kolakofski, D. et al., J. Virol. 72:891-899, 1998) , g btzffi 
Xmfr® 3' fllfc-fe >y-f ;i*© S £?y©*|ffi$eB8U $? g b < tt 5' -CTTTCA 
CCCT-3\ IIH^Js ^b<fi5'-AAG-3\ E£?J©ffiMffij£$U ^^b<{i5'- 
TTTTTCTTACTACGG-3' s $ 6 fc*© 3' ftfc^fS© cDNA IB?<J©^:n K >fr 
»*Til& 25 &m^©ffitttt©M©JI£# G ftfctt C Cft* %M 

ir vxmn &ffia u u 7 t-^dj^^- u =f dna © 3' ©*« 1 1 5 • 

PCRtt, ExTaqtf'J*7— If £JS^Sffil£©#&£ffl^3 
ilfc^-CgSo #£b<t±Venttf U*7— b* (NEB) Sffll^TfrK Hiplbfei 
tt*rJmNotI7#fbb;fe8U 77** K^7*-pBluescript©NotIgB&£Jip 
A-T^o ^e>tlfePCR^©JS*E^J§5/-^x>-y--T-fllEU IEb^SB?0© 
7^7^ KftMR-TSo c©75^> r*fr£#A^#£NotlT-WffiU V J 
AcDNA^tfT^TU K©NotIfBJttfc^D-->^-rSo r*^£ 
*-pBluescript NotI SfitfcfillAU «iftit-b>^>r ttJJVZ c 

DNA nJflT-& So 

33<fctfNP * >^7g©*#TT-RNP £H«J*3-e\ 3©RNP *£fc£-f ^J*** 
7 C£#T*#3o ^;U7;^7*-DNAfr£©^ ;!/*©##! 

J$tt&tt©£8fcftoTfT-5 5 97/16539 -Jf; BIB&N97 
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/16538 ^; Durbin, A.P. et al., 1997, Virology 235: 323-332; Whelan, S.P. 

et al., 1995, Proc. Natl. Acad. Sci. USA 92: 8388-8392; Schnell. M.J. e 
t al., 1994, EMBO J. 13: 4195-4203; Radecke, F. et al., 1995, EMBO J. 1 
4: 5773-5784; Lawson, N.D. et al., Proc. Natl. Acad. Sci. USA 92: 4477-4 
481; Garcin, D. et al., 1995, EMBO J. 14: 6087-6094; Kato, A. et al., 19 
96, Genes Cells 1: 569-579; Baron, M.D. and Barrett, T., 1997, J. Virol. 

71: 1265-1271; Bridgen, A. and Elliott, R.M., 1996, Proc. Natl. Acad. S 
ci. USA 93: 15400-15404) 0 Zftt><D%mz£ *) s Avj >7;i/x>^\ -fcM 

■fe y n t> ■< jvx & ¥%-&ts^5> k ? v # -* dna # t>WMj&£ * 

sa^^o e?>r;i/^^^-DNAt:^v^T> mmsfrs 

tit), «&© * -f ^tSHPfc fSiiJ: #nrfg-e& So 

011*. lis ^^^-DNA*iiJiartfc#A-rs*atfcH:x &©£?£££, 
©«« D § J: a & DNA Mtlfcft S © S W©«IJB t «fc 5 % D i * 

catu ft^MMm&o&K^mnffift&zft^ dna s£fct*£#*#S3&& 
(D @ mcommmiZs dna o fctt & n * c <t 

©fcUTBU ffl^©h7^7x^>>3>^*JjpJffl-etSo mtfx D0TMA 
(Boehringer) s Superfect (QIAGEN #301305) s D0TAP, DOPE, D0SPER (Boehri 
nger #1811169) &if#3*ff&ftSo ®t LX >BiJn>i/$Jx&m> 
feh7>^7i^^3>Wtf^ £©£&K:«fcoT^liafift:Ao;kDNA8 

d a* n 5 ^ ttrt k: * +#&*© dna #A£^#*n*>ftw£ 

(Graham, F.L. and Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. an 
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d Silverstein, S., 1977, Cell 11: 223) „ Chen^itfOkayamay; h^>*7 
7-»©ft^b^l*U 1) MMmmmVKDj >^a^>3>^2 
-4% C0 2 , 35U 15~24Bm 2) DNA&fiigtfJ; !}S«©&©#«&#^<x 

3) tfeMM^ODNAmS^ 20~30ug/ml ot%mMfttt,wmt>hz>tm% 

UT^S (Chen, C. and Okayama, H., 1987, Mol. Cell. Biol. 7: 2745) 0 <D 
(DUmt, — 3ifi?J& h7>*7x^>3>(;:jgbTV>£o * < & DEAE-5^7 r 
7> (Sigma #D-9885 M.W. 5xl0 5 ) M$£mM©DNAi§gJtT-flS£U 

(Calos, M.P., 1983, Proc. Natl. Acad. Sci. USA 80: 3015) 0 ®(Dl5&t±m 

mm) (d&$s ^yyy-ommm, wkmm, mmm^mm^yx 

>ra^7itTV^o JfRiH&Superfect Transfection Ragent (QIAGEN, Cat 
No. 301305) , D0SPER Liposomal Transfection Reagent (Boehringer M 

annheii, Cat No. 1811169) tfm^ibtl&o 
cDNA 1? e> <DWMm±M1&%) t £ 7 t UTff 7 £ t &X # 2. o 
24^&6^gS©77X^^77l/-h^fe(±100mm^hUini±T*s 10% 
^^BMCFCSJ^i^iri^tlH (100 units/ml ^-i/ U > G £ £V 100// 
g/ml XM/7Fy^») ^^S^M^ife (MEM) fc^Ti^Mfiifci 
JWLLC-MK2^70~80%=i>7;i/x>h(c^S^T'^#U 01 *K l//g/ml 
psoralen (V^U>) SST0?i»li§20Mit»lf;, T7#IM 
^—eZftrntZfiSMZ. y^^-7»>^M vTF7-3 (Fuerst, T.R. et al. 3 
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Proc. Natl. Acad. Sci. USA 83: 8122-8126,1986. Kato, A. et al., Genes 
Cells 1: 569-579, 1996) £ 2 PFU/J«T 1/ >©»»££ 

xf uv mMmmzM'MmMt % z. t tf-tt t § □ mm 1 bubal 2~60/zg, <t d 

I: b < & 3-5 //g ©±f3©«;L-fe >^ ^7 cDNA ±fi-fe 

;u7>tv Ao^jjfcfc&sfc h 5 >7 tft jrrs *z * >wR&mt a r 

5 7 ^ h' (24-0. 5#g © pGEM-N. 12-0.25//g © pGEM-P. 24-0. 5/zg © 

pGEM-Ln £ tD»tb<^Jx.«lAdg©pGEM-N, 0.5/^g © pGEM-P N ££t>*l/zg 
©pGEM-L) (Kato, A. et al., Genes Cells 1: 569-579,1996) tmz 
Superfect (QIAGENft) ^^f;iJ#7x^^3>affcJ:!) 1>7>X7j^^> 
3>t5 0 h7>7 7x7^3>£frofcM2: N mH££D 100/zg/ml © U 7 
7>^>> (Sigma) &U^> hi>>T7hr7^K (AraC) . £ b < &40ju 
g/ml ©^> h :>>7^ bT7 ^ K (AraC) (Sigma) ©&£^tfJfitfS^© MEM T»ig 

«^fc"TSJ;-5K:||K!lO«3a»A*ttS-rS (Kato, A. et al., 1996, Genes 
Cells 1: 569-579) 0 ^ >77 x7^3 >fr£ 48-72 Mil jS*g#^ Jtt 
*SJRU *JiiWI*3lHlllD3gbTJiJia*«E#bfe«N LLC-MK2Wch^> 

7 , safi*i3-K^5»^s^»bfeaKiB*^fe«:^'>>f;i/^^^^-*ii 

»t5tlt x>^D-7^>^7»^^-r^LLC-MK2«* b^>77 
i?J/3>tflt^ ^fe(±x>^p-7^757^ K£&£p7>77 
x7^3>-rn&<fcW tfes ^>77x7^3>tfTofc$]fl§Cx>^D- 

7* w^*****- * llc-mk2 mmtmm hx^mt s z. t c J: oT^ase^ 

^;b7^7*-£igi|i-f (BBRtHK«- PCT/JP00/03194 43J:t5 

PCT/JP00/03195 #^) o «*±»C^Sn5^>f;i/^*ffliJ±*Jfil3*SIII«tt 
(HA)*M^f Sd^tAD^-rSifc^Tf^^o HAti r en do-point 
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(Kato, A. et al., 1996, Genes Cells 1: 569-579) D^f^C bftX- 
ftV^ LLCMK2«, 1f;VWS*©CV-l« s ^A* BHK 

^z$-om&i5mm\m%i$nx^z> (+^11,(1993), rwmvmft 

<D%m&ffi7u M3-/UII, 4mhB*Uft£Sl*j , jp^tt, *Wl, pp. 153-1 
72) o m<W9CJ± x S»W&««SfcXn9M2BIHI 37-38°CT*ig# 

a -ft, pp.68-73,(1995)) 0 
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vivo) &^£ZMte?mi<D^ttl(Dl5m\Z^Tb, $Si*»*£»9?rc g 

mmzmz.. «iB, 7>^*>xi;fctty#if>f A&i^©*w^£H*:□--^* 
So mfc£##gHJ©>^ 5 ^ V H7^ ;i/*^**-4£gftafcfc-*>U '>ttttflr£3 

^g* (pbs) i$¥^&mi%i\sxmm}i?2>zt&-z%z> 0 *%w<d^?$ 

«4IWWf38»*»*ftT^T*J:v>o 
±IB© «k 9 fc bTtf 5) ft fe^ 5 ^ £ v £ << )IZ « ? * - £ fc t±8^* * - 
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®#?ft2f;ipW 5>ns 0 £fcs M^>^;^M^4<b^^;K «^ff->^ 

^eiDtfeSaitfcotU^. SAitfs^fck #fcjffi©ifflJISn!*6Sl/ 

w >r Aft if ft«a**T*«fflj©aijja-ei6S-r sa* u < ft^a^?®**!!* 

t"5e:fcfcJ;DIIBjefc*^satb<ftv^M*»M^SfeaftCffv^ i »-5o 
»fc*$&*<Wfcfcft3£JlStfcum m«x i^hD7^-, s. 

7 -Otejfcfc^&ftjatfc^fc UTfck 09*. t& ^h070^ IGF-I *p\ g5 
*©?&*t*aftafi^kbTH:x 0l*.K, IGF-I ^FGF# N Stf-rt*— 
fc£aift3t&?fcUTfck 09*. t& IL-10 S IL-12^IL-6*s^(f P,ns 0 
*3gffi©^ S. * V>W D^A<r5«fe^©#®ft-0!l£: It, > 
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matin rcVoT*&#U ^*Jtfi?ft*»tt©«UftrtrJB»**Sci:t:i 

aifi?©fcWftt±N y-ifv/w^y^-g-s/ax rt-pcr, 

^>f-€-^3>^RT-PCR«C«fcStfttfi«± w site -C^frV^So *fe> 

ftitim-rsfctts ^§fflv^fe«i/x^^>^Du/ h N ria n elisa. 



WO 02/31138 



PCT/JPOl/08372 



2 2 

^ CATs 7^A'J*^77^-^ SfettGFP&n-KfSji^^* 

u/mlfr£moVu/ml©ISBftT'&S£J;VNo i*ff$l<tt, I51xl0 8 pfu/ 
ml i?*>® 1 x 10 9 pfu/ml OleHl^KD^S^^^^Rril^afr^T'^-r 5 C 

Ell tis /a r/troOhIGP-I|BS*^-r¥H*«tirEl7f*5o (A) <M;i/* 
« L6 «Oig#±^ctiCD hIGF-I (5«BtSt?l. fiafitlBl^hfe^fr 

U 2=LacZ/SeV (moi=0.1, 3 HR3) „ 3=IGF-I/SeV (moi=0.1 N 3 BS) N 4 
= IGF-I/SeV (moi=0.1, 4BP^) ) 0 (B) hIGF-I/SeV« L6 fflm&&%tZ 
hIGF-I (DmmRXI moi iz^^t^M^t^^yo moi T"«U« 

BI2fcJ: N SeVJ&frhlGF-Itt, M«B»©«jR^ftl5J^ft*gir*c:i:«w 
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■oi=0.05Xtt0.2©V>rftfr-efrfe*U amfo$*#fln? 4 BF^i&ii^ftfco 
fts »«&^^»H«BE-9-yi-y MzMf S^^^P-^Hftft: (MAb BF-4 
5) «U Je©fll©IWia*aftfiK:3!Pitfco "7^;WliMllS^ moi=0.05 
T?Ji*gJg©)K®IE:***U moi=0.2T?Bu tfn.mfo£<Dfr<D0kft-emm$ti 

El 3 B\ /a Fivo0#«ffi^0 SeV ©»H»XWI6tt*^f *• 

JS«KIC % LacZ l/^-^-aie^S^tffflUlA SeV (5xl0e7pfu) (LacZ/SeV) 
^200^1^Mbfeo fcTF©<fc3&B«©ftN I^MU B-fS?*; \>t/fr- 
Vft&tz^xm&Ltzo A&tfB: -J^n-ts^y (7 0) x C&tfD: ^/t* 
O(H0)^EWF: ^tf^*W> (30 B) s GMH:^M^l 

(7B) s I SIT J: ^fcVtybf >&b (14 B) x K&tfL : 7£;^>&b 

(30B)o 

B4B\ <7>f ;i/^ffi»© 7 B&©1&BI#iifc:fett5 hIGF-I 
&5o trChIGF-IiJ ! b#:t £ tS'>xX^>^Py^^ >^^)fo LacZ/SeV (2xl0e8 
pfu) XfcihIGF-I/SeV (2xl0e8pfu) ©V^fta»&*ft*ft200^ gfjl#^t 

ffiSbfco 7B^ w^nfe^^Mioo^/g^e,, 3oo//i©,wata« 

fcftfco 50/zl (16.7/zgfflJBK?*) +©^W^Jt4^7'-feh>T«J8**x 
ftfctfthl(»-llftftfc«fc5^x^^>ypyy>f >^jB*fKiP«tfeo (M: T-* 
W^Kx 1 : 2 : LacZ/SeV (#1 x 3 : LacZ/SeV (#2 fttt) x 

4 : hIGF-I/SeV (#3»«9) x 5 : hIGF-I/SeV (#4ftg|) ) . 
0 5 {is t>4fr-X&MO 7 B£©t&H#afc:feW-5 hIGF-I $8S&jj*-r¥*T? 
buK#^©B^o LacZ/SeV (2xl0e8pfu) StfhlGF-I/SeV (2xl0e8pf 
u) *=&200//U *n-?nfeXJ±£©lifH#ffit:ffiHbfeo «Jii£ftfeJI&l*©ffi 
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mWfr*s ^t}^>U> • 3L*i/y (HE) (as d> OTg) % 7^D77-iJ 
m&t2>tcSb®m&*7.yy#— m& Ok e, &tf h) , BF-45 (c, f, 

H6(^ t7j)lzmt(D 7 B^©iuK#S&^^(t5 hIGF-I |gll^t^7 7 
T-&3o KMyHC£fgg!1-5»i£©iSt 0 KMyHC llttlffllSOM^ff-^b (n= 
4) N mm*¥®±SV tVTmLtz (n=4) o TZrVXtte, mitlitS 
P<0.01 £H<r U?-:i-er> h ttft^) c 

H7(^ -7^;i/^?±M0 14Bm©luJl#i5©^§^-r«T^§o LacZ/Se 
V (2xl0e8pfu) S^hIGF-I/SeV (2xl0e8pfu) 200^1, Zn?ft£jX&& 
©«#&(;: &Wb£o ^Pl£ftfcMMMtf£^ h^>U > • 
ffcfibfco (A : mWmWKDfr, B : IGF-I/SeV (£) N C : LacZ/SeV (£) ) 0 

m 8 «s »>-r )vz&m<d 30 B«o«rji#«©B4ft33%f w-e*5o toM-* 

(0 8a b) o #S©#gfci\ &Wfc,fcD*;SfftW3o 
(6£^A) o ffi*H6©¥±S (n=4) £:7ny h Ufc (±SD) 0 #-O^^U 

**tt#]t«fcWTSP<o.o3*&-r u^-a-r^htt^) o 

»U Jg££¥£±SD (n=4) T'^bfeo H®77r U ^ttttJfctfcfc: gl^TS 
P<0.01 ft*-r (x^o.-t=> h ttfcfc) o 

laiott, T^^jBBrtfc^H-safi^AoittSi (3 b&) *^-ria-e&5o 

^-f^-fis 4xl0 7 ClU/head (fflglOO^ls 0^2 0) 
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£S6#^ X00173 CD DNA ffi8lfc2t-3 < T-5' -ATCC GAATTC GCAATGGGAAAAAT 
CAGCAGTC-3' (E8I« : 1 ) 5' -ATC CGAATTC CTACATCCTGTAGTTCTTGTTTCCTG 
C-3' (EB|#5 : 2 ) PCR £ «t D> t r cDNA v -f ^7 I) - (Gibco BEL, 

Rockville,MD) j&»6> t h IGF-I ;*--7> ■ "J-r-f >^ • 7l/-A&JfHbifc 
(Nature,306, 609-611(1983)) • ^£ftfcPCRm$)£pBluescript II CD EcoRI 
n-=>^U «tE5U*Sbfeo hIGF-l3tfi^cDiESt*!iSW**-r 
SeV^«fe¥«H»S/^^KWft**r T-5' -ATCCGCGGC 
CGCCAAAGTTCAGCAATGGGAAAAATCAGCAGTCTTC-3' (EWf : 3) 2£IF 5' -ATCCGCGG 
CCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCTACATCCTGTAGTTCTTGTTTCCTGC-3 5 (IB 
W§:4) ^JB^TlPPsU 15402 7 * l/** K©ESt* SeV^fiT>^ 
y A(+)Hr >X RNA ^ffM-r-5fe®H^^nfe^pSeV18+b(+)0 NotI fiPffiR:^ n 
-->?U pIGF-I/SeV *f»feo »S>ftfepIGF-I/SeV** T7*U^~ V%m 
MTZytiy-T^JJlX VTF7-3 LLCME2 *tiS^lfeo T7 

fc«fc IGF-I/SeV HMA^V A*, RteWUWkZtltz&r? 

[»J 2 ] in ratro© hIGF-I 

IGF-I & N 7y«| (J.Biol. Chem., 272, 6653-6662 ( 1997 K J.Cell.Biol., 
135,431-440(1996)) XtP7£>l|IU&* (J. Biol. Chem., 264, 13810-13817(198 

9)) (Dmizti^T, mm, frits Rmv*£®mizm&Lx^z>zt&m$ti 
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WS„ *mm%\±, «th IGF-I*p\ SeV^itfe?#A^^UT^ L6 

mm (145^ m^mmm) izMt^mm^mtmmt^^t^^^ 

§fr£l)f^£o %jfclzMm$titz, &I$ULt h IGF-I (hIGF-I) Mfc?%<Sts$e 
V (hIGF-I/SeV > mi /3-i3=>>7 Y fe*£=i- Ff3 SeV (LacZ 

/SeV) J^T®^toVAT«bfeo (1) ±?S*© IGF-I SSSI (e?x 

T.tyyuv^i y?mm ^ (2) ±^*© igf-i mmomm (elisa r^-t 

•4 ) n (3) L6«mSfc*fc)-S0Sl^fl«J*fl5o 
in vitro ffli^L 

L6«^ s 20%OFCSS^ni/U>/X h^7rv>f $/>£^£rDMEMJgi| 
100 /zl ®±rtS 2{g^M©^T-tr h >T 10/zl fcfcjfgU 15~25%#«?>f;i/ £ 

JB^fc Kx^fittt^-h u ^a^ut^'j^t* ^jum (sds-page) c 

ttbfeo *Kl^UK=U5 s >-y7DU h* ■^>7l/> (DAIICBI PURE CHEMICA 
LS,Tokyo) Mfc^bfco Kb h IGF-I =EJ t? u-±)l$fm (Diagnostic Systems 
Laboratories, Webster, TX) — M7bf£MJiS£frV\ ~^SlS^a^7 

tt^l/t^ri/^-«M§ffl^f; 5 Ji3Srfb3S6& (ECL,Amersham,UK) § 
/flVvC*£#S*fl9Mbbfc. Jg#±$B4»© IGF-I )y*fr%mfetZtztb£: ELISA 
T^-fe^f fcfrofco ^a(±a*fl«Jt:«BSSI# (R&D systems,Minneapolis,MN) © 

*©|g*s (1) %mg.0.U 3;RlMBMfcV^^TT?hIGF-I/SeV£j6SS 
^F-frife: L6 IBIfla^ai-tfg^fc^W^-r^ 12~13kDa©# J Fa£;&-r£fiJ&^> 
ttttibfe (El 1A. U->3RXI4) o C©^ffl{±LacZ/SeV^±Mt{i#ft 

«1\ hiGF-i&m* SeVfr£g£2ft N ^±i»*fc£tt3ftfccfc#K83 
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(2) HI 16 e7-f;i/^«^OL6»±^4'©I6F-I^*^bTVM»o 
fkWSi 0.05 ©JBtfgMTFfcSV^ ±?ii© IGF-I Sgjgfct «© 48 
«Mt-^C.P.E.^ig#-r?,c:^*<, 203ng/mU3JiiPU -?©& 96 

£ 435ng/ml fcifjQbfco 0.5 48 RtHl^fc: 566ng/ml s 96 

935ng/ml © IGF-I tfigM^frmtitzo 2. 5 ©g,lf^#TT-&s 12 m 

39ng/mk 24 %%?3&iz 463ng/ml ft&mtltzo LacZ/SeV«±?»(c{i IG 

(3) L6«^(i, IGF-I £|»e"t\ ^©g;g&£|jmbT^3fc#>£ s %m 
44© IGF-I £*f bTJ&^ttT-fc D x J3B*©Mi*£ % £ -r c h » e> ^ s 

(J. Cell. Biol. 135: 431-448 (1996)) o IGF-I IZ £5 L6 ©#«g 

tlfcil^fco L6«^20%FCS^Wf 5igmT'Ji5i^^ 80%=i>7;vx> 

*ts© hiGF-i *>wm*%tmmtgmm*T-e%m\stzo ±r<Dmuiz, 
*)\s^y®nu^m^®wi*nMtz>t£®>K. 500/zg/mi ©<^ifii?i ^i/^s > 

^Atifeo 4H^ >M;i^«m.o.i. (#«g) $<M£s ifflM#i^©BJ36 
Hf( (MyHC) trtft (MAbBF45) T-Mbfco ^bfcjrtft^ Alexa Flour (§ii 

i$ho 568 igG (h+l) m-&mz£*)nimbLtzo mmnm*. 3 

^ihyu^P^Am^iz^^UitVtzo 0.05©g$^S£©hIGF-IM (EI 

2asi5e) \ o.2<Dmm^mmmm (@2bmf) hiGF-i^s^v^ifii 

ut©^ RXFffimu*. m-bffiwwj xRTfimvm* (mzk b, e s j&xm 
%mvtzo $t>iz s jizmmzkvmmzntzBm^&imuz, igf-i ^ > 
wKiz£vmm$fttz®^tm*%)fc--mLT^tc (m2c;&7jG) 0 ens 

x SeV *e>©JSift^hIGF-I I6F-I ^W^Rfc-abTV^ 
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[H»J 3 ] in vivo © lacZ 1/ * Htfi^IBB 
^> r;WK*-;W- P >J •> ACWBrtttW (50mg/kg) fcj: Ds Sprague-Daw 
ley^y h (Ms SM$k 160~180g) ftj*»bfc 0 On 

-Htfc-?^AH^©£#\ 200^1 ©LacZ/SeV (5xl0e7pfu) ££fuJ!#&©g5 

^©g§3l N LacZ/SeVg!#©lMTO©^fc:^V^rs ^t:^**-f >flMBI<* 
ftfcS5l*3Si«fck *M©f5l^£b$tbT (S3GMH) N iSl/^;i/©x-gal 

«ix iSF+sitstF^^ n 7 T-v(DmmmM(Dmmz'b$teffim,mfc x -gai ms* 

#SUtS£ftfc (0 3B) o 'J^&ffilWftts h©ffH*fflifc*W5^i; 

fcji&£*lSo Vitadello e> (Hum. Gene Ther. 5: 11-18 (1994)) fcb 3 B^© 
rt/^^>j|Ittlt ^MyHC^y^D-^l/Jftf* (BF-45) fcMbT^fe^ 
tiZMffiMmm^*mmifi%,e>tiZCL£ZwLs 1 B^X&7 B&£ 

3Bg©^ N naked DNA#A(IcfcD^^n•S^tS^4©4WV^C^: 
fc^bW3o SeV LacZ m&?&m\tZZ § i>d^^«)^IHis 

frofeo UttlUM©^ >mmffitmi.*) b'Pftfr-otz&s X-gal 
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{PLX^tz (I2 3C, Ds I> StfJ) o ^^;^»©30 B^s >*!l 
g»££^T©frs X-gal««^H^^tife (H3E&7JF) „ ^b" 

*p\ mwmm^itm^ntz (mstjd „ £*i£>©^jhj;!x sev&, ana 

[HJS^J 4 ] i/2 fj ra © IGF-I Mfc^mA 

in F2tro©]^l/^;]/©hIGF-I^s mi in vivo<DSeVmft&ittmXlz& 
V^jt^^AtO: D5y h#«£a»A£ftfe hIGF-1 I5il«©tiJP 

&tfimj3e*© ct o * ^ v v &faffi<Dmm*i%.mt zzttfT^ztp^fritm^ 

tzo £<J\ luM#^t^(t§ hIGF-I ©^^ ->^^^>7*P>y^^f>^^f 
£«i;D*fctb£o 200>al©^^ 2xl0e8pfu (&liy©^®U t) & 4f&iS(^ pfu) 
© hIGF-I/SeV §^"T S t?4 ;i/X«(200//lK 2 x 10e8pfu © LacZ/SeV 
^^*1"3^^^?i^(200//l)Ss gfcft Sprague-Dawley 5 y h©fuIE#I5£ 

£#131F^ 2Ws St>*30BP^ts Sc^fi©^>h^*;bt;^-;i/^-h u 
uyr-oyiz&btzo 7^ hS&E*3i*i©t h IGF-I tt^xX* >:/p y ^-f >y 
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£ffll^T»bfeo 500ml ®lMti#g£&fflft£gfflIlU S^ftt^i?^ 
XU 2W±ttIbfe 0 3000xgT'15m@^#ltlbfe^ ±?it£ 

miRbfeo ^t«t)tiM0^^p^sambfeo 2o©±M^t)^ -7o°c 

T-^U 300^1©50mM h'jxj&gffiffitt (pH7.8) £5i*§U 

fee 50//1 fr£ 10^1 k:?g«MLfe^ e7x^^>^D«^^^>^»^f Co 

w£MMm<D$>mm$i&i±, iftiit^ibf^vo^ >*t% tout 

^>>Hgi*y£n--^Mfi;# (BF-45) ?-d&fflBM<D&s £UlzXs - 
&£;T?->ttv.>* IgG (1:100 ; Vector, Burl ingame,CA) t&iz 1 BSBtU/t 
H>^-m ^(i^ V U7Y 7 W> (1:200 #R; 
Vector, Burlingame,CA) hftfc 1 B£HH >^ra^- h L^t§i £££ rjfj 
ofe c 0.05%©3,3'-^T^y^>^s;>5P hvt HD^D U K2fctf0.01%ji& 
fls***£prrS0.05M hU^ttSMffi (PH7.6) tJ:Ds T'K^-e*^ 

-±;i/^BJ-45{i x Dr.D.Schiaffino(Hiim. Gene Ther. 5: 11-18 (1994)), Pa 
dova, Italy fccfct>llfg£ti s 7^ D£> • ^ 7" • • Dlx^> 3 > 

(Manassas, VA) £Df#fe 0 hIGF-I fc£3l!£3&£*H^3;fe«>, £#7 B&fcx 
ft BF-45 MlttlliOS^i^feo hIGF-I©J|B^^SfFffi-rsfe 

ftft£ftbT®8~9H)a0^fi£;&t5A*>K£^bfeo £©ffi (EK U- 

>4^5) \± s %m±m*fcmmztitzt>(Dti±-mL%:^ (mw . « «> 

o -c fix i/J 72 fcro Jl e> fife hIGF-I CD"tuE#£ ^^,ft57D ?7- WBff 
fccfcDs 7.7kDah#S^titl^«MhIGF-I (Bio Science, h£^>ig 
SIB-? ¥±*± pp. 104-105) fcfcSfc#*&ftSo 



WO 02/31138 



PCT/JPOl/08372 



3 1 

ifcfc, iEffrifflMBWC^ttShlSF-IOSftRftil^fc. (6 9M) 

©£IflE#jffiChIGF-I/SeV (2xl0e8pfu) , ^luK#S5C LacZ/SeV (2xl0e8pf 
u) £&#L (£0l/-:/l) , &luJl#^cD^(chIGF-I/SeV (2xl0e8pfu) 
#-T5fr (n=12) (401/- 7 2) \ £fiM#I5£ LacZ/SeV (2xl0e8pfu) ©#• 
£*8^ (n=12) (?>-7-3) s X&S&©&£MfiII#t&fc&#Lfe (n= 

3) (^l/-74) o 

^-/l® IGF-I/SeVSV LacZ/SeV Pi£0«M 7 Bft®a*tf9#- 

tt«**ni\ »^(3{^©t5t 8 ^x'^D7T-^©i±swme)nfe (05 

(H^g^ ¥±*±, 444-448, 3/2000) . 7^^H3 0tCS:, 

lf£ffil»li©J&»T!*^ mmC^Sta-i-Kirifo (BF-45) ltt«» 
tf/J\£&I^fr£&5e:£#$g££ftW3(Huiii. Gene Ther. 5: 11-18 (199 

4) ) 0 mm^t u? 7-i?m*fc%im*GtzM&T^isftffifflm&, 

W5©#jl£ftx £;Jx£©«© BF-45 fctt-T5&&KJi&£9^fco LacZ/SeV 
£#£fuM#S5hJ:bi|£LT (BI5i) * hIGF-I/SeVft#£tuJB#f&-efci:s BF-45 
RttO^»OH^I5Jl«(l*iggE^nfe (E5f) o 06 t^£ftS<fc?£ N 
-ri©»%lc*^Tx BF-45 &«t£l$it©ifc©¥i&fci\ LacZ/SeV (£) ©44 
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6 (n=4) C*fU IGF-I/SeV (£) © 1,722 (n=4) T?*ofco m®nm2ti 

C) o 

t>4 14 Umzl± s hIGF-I/SeVSt5LacZ/SeV©^T« 

^tlfe»*OT^D7^-^CD»#J^{3Mij>tTVNfe (0 7) (^-7 1, 
2^ M>*3) o LacZ/SeV MMfc^Tfct* 4>«§*f §TOJK©Hit^X 
©MftAm&Pbfc (0 7C) o « N IGF-I/SeVM@5^^^^^Ti±, 

v0 s ^■y-^X©^^tr1i^^-b--i > X©M^i|^^nfe (0 7B) o ci 
ftfciu H^^if^ilJi^^^bTV^o hIGF-I/SeV x LacZ/SeV©^-fnT' 

7B»tf C) o 

^©^XttSKiE^froJS-fcMofe (08St59) o ^-riOhlGF-I/S 

fcffcSbWfe (^-^tt^bWfc^) 0 7>-7°l©«jtl©hIGF-I/SeV#!! 
a»«fc*^Ttts LacZ/SeV&S&fcfcJt$&bT, M«Wl7%iiJobT 
V^fc (p<0.03, n=4) (El 9) 0 ^-r3AIF4fc*v>T'tts ££©M© 
lS«£s «ttf^^H(i« bftfrofe (^-^fc^bt^*^) o 

©hlGM/SeV&gfi&ftfc^THU UcZ/SeVMSjKl^ifcg&bTx frWMmifr 

©TOA«6.i«JittnbTv^ (0 9) 0 cnfior-^tt, £©fl«Sftjft hi 

GF-I/SeV MMH© W©iiinSK# bfc Wfltt*^ bT V> * 0 
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fiS*HW&ffifcft"r3 IGF-I ©»*4^L/fc«^l±V><oip«:*nT*?)N Adan 
sM>*McCue(J. Appl. Physiol. 84 (5); 1716-1722 (1998))t±s 3E«7f hlu 
lffi#Bjfc£ttS IGF-I ^>/^f©IFJfaAOM§l^feo IGF-I ttTJKWt: 

f^l^s iI«^i0tt»0Ji^DH:^BSbTV^^^o Barton-Davis £(Proc. Natl. 
Acad. Sci. USA 95: 15603-15607 (1998) )HU AAV^^-*ffl^Tx IGF-I it 

iiimtti^n^^ofeo 3«8fiB#e>©flfifcfc:&^Tfck M^tfehiGF-i© 

fiSSftfciSV^ IGF-I fgg|l^;Vfc<fc5Ci:##;te>*l£o 
[^Jfcfcl 5 ] LacZ-SeV/dF &t>* LacZ-SeV CD Y^^Mf:i5lt 

m^mm^mm^oHMm^y^ >M;K*^*-aacz-seVK otllc 

MK2/F/Ad ffi^OM Lfc F LacZ -fe > *W £ 4 )VZK7 ^-(LacZ-Se 
v/dF)®J£ji5l$l*l&-$- (£#»£4 x 10 7 ClU/head) fcfctt3ati£?*63&&x BA 

6«©JiBALB/cvii7^ 18 E (B*^^-;b^ • 'jA'-fS^) £Hiftfc 

( 1 ) *Ms ( 2 ) LacZ-SeV (4xl0 7 CIU/headK ( 3 ) LacZ-SeV/dF (4xl0 7 
CIU/head)©3f¥fc#ttfc 0 #<7>T x-r«TT\ 296 

*JSV\ SftHSU luffi#S5MiPJJfclEfefeD 2xl0 8 CIO/mK 100/zl x21BBf 

^3BtCv x-y^jftftTTflPlBlU (£) fflJEf5fc4&#s LacZ 
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LacZO^M^ttTfBOaiDffofeo £1\ J£jffilfc£ttffl(2.0il v-f *p?- 
J--^)U $MICJ:ot^lfe 0 &v>T\ 500/zl Lysis sol.&SfflD (j& 
ftMtt 500 mg) U *##T?*^^;*(MultiPro)bfeo j&fo#lK(15000r 
pm x 15 #)U M^M^a-Xlc±»10^1»3lbfc o 70/zl Reaction 
Buffer A (Galacton-Plus l/zl + Reaction Buffer 99^1=100^1 Kit; Galact 
o-Light-Plus, TROPIX, Cat no. 250065 )£Jn;U j&ft LgM? 30~60 ftj&W b 
fco 100/* 1 Accelerator £iD*;i>$ *-{CTiH£bfeo 

*ft-*3B«0JE»«t*»SJtfe^Sa *Jt«bfc|g*, LacZ-SeV/d 

F^«t^LacZ-SeV{i^apt]t^e>^K:^V^3®*^bfc (HI 0) 0 Lac 
Z-SeV/dF £«fcVLacZ-SeV £jfc«bfc«^ ^'J>a*5 y*tt»S%©©S£EI* 

T* JiJtfi? IgSfcH A» ft c i: e> TO©*****!^ * % 0 
lltb©£lffl©p[ggj$ 

ftfcx ^#tt^S^«S5lf#©feto©MM^«^tifcc g 
fes *^HJ©^7^^v>-Y;i/^^^^-^lMbfes >f >x U ^tMHfffiB 1 * 

^-i«-rs*fe^©#*sffi^©#A^ w$i©m s»tt©»-s 



WO 02/31138 



PCT/JP01/08372 



3 5 
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SEQUENCE LISTING 

<110> DNAVEC Research Inc. 

<120> Paramyxoviridae vectors for introducing exogenous genes 
into skeletal muscle. 

<130> D3-A0007P 

<140> 
<141> 

<150> JP 2000-308533 
<151> 2000-10-06 

<160> 4 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 



WO 02/31138 



2 

Synthesized Primer Sequence. 
<400> 1 

atccgaattc gcaatgggaa aaatcagcag tc 

<210> 2 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial SequencerArtificially 
Synthesized Primer Sequence. 

<400> 2' 

atccgaattc ctacatcctg tagttcttgt ttcctgc 

<210> 3 
<211> 46 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial SequencerArtificially 
Synthesized Primer Sequence. 
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<400> 3 

atccgcggcc gccaaagttc agcaatggga aaaatcagca gtcttc 46 

<210> 4 
<211> 73 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence. 



<400> 4 

atccgcggcc gcgatgaact ttcaccctaa gtttttctta ctacggctac atcctgtagt 60 
tcttgtttcc tgc 73 
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DESCRIPTION 

PARAMYXOVIRUS VECTORS FOR INTRODUCING FOREIGN GENES INTO SKELETAL 

MUSCLE 

5 

Technical Field 

The present invention relates to Paramyxovirus vectors for 
introducing exogenousf oreign genes into skeletal muscle. 

10 Background Art 7. '- r *' ! 

The subfamily Pramyxovirinae comprises three genera 
(Rhabdoviridae, Paramyxoviridae, and Filoviridae) of enveloped 
viruses that contain non-segment negative strand RNA genomes that 
function as templates for the synthesis of mRNA and anti-stranded 

15 genomes. Sendai virus (SeV) belongs to Paramyxoviridae whose 
pathogenicity to human has been denied from early studies in virology 
(Nagai, Y. and Ishihama, A. , The viral experimental protocol (1995. 
4) ) . SeV has a strict cytoplasmic life cycle in mammalian cells and 
its transferred RNA is maintained in the cytoplasm without interacting 

20 with the chromosomes of host cell. Therefore, SeV may be safely used 
for human gene therapy. The entire genome nucleotide sequence of the 
SeV Z strain used herein had been determined by Shibuta et al. in 
1986. Success in the recovery of an infectious virus from the 
transfected cDNA of SeV enabled genetic engineering technology 

25 (Conzelmann, K. K., Annu. Rev. Genet. 32, 123-162 (1998); Nagai, Y . , 
and Kato, A., Microbiol. Immunol. 43, 613-624 (1999)). Moreover, a 
variety of foreign genes with additional transcription units have 
been inserted at appropriate genome positions and have been expressed 
in SeV at extremely high levels (Yu, D., Shioda, T., Kato, A., Hasan, 

30 M. K., Sakai, Y., and Nagai, Y., Genes Cells 2, 457-466 (1997)). 

Insulin like growth factor I (IGF-I) plays an important role 
in 'the development, maintenance, and regeneration of skeletal muscle. 
The effect of IGF-I on myogenic cells includes stimulation of myoblast 
replication, myogenic differentiation, and myotube hypertrophy (Annu. 

35 Rev. Physiol. 53, 201-216 (1991); Endocr. Rev., 17 481-516 (1996); 
Cell. 75, 59-72 (1993); Genes Dev. 7, 2609-2617 (1993)). In muscle 
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regeneration, proliferation of muscle precursor cells, fusion into 
myotubes and reinnervation are involved. IGF-I, which is produced 
in satellite cells, acts as a powerful stimulant for proliferation 
and differentiation of muscle precursor cells (Acta Physiol. Scand. 
5 167, 301-305 (1999)). IGF-I gene transfer to skeletal muscle has 
already been applied to the treatment of denervated skeletal muscle 
atrophy using non-viral technology and age-related loss of skeletal 
muscle function using the AAV vector (Proc. Natl. Acad. Sci. USA. 
95, 15603-156.07 .(1998J ) .. , 

10 

Disclosure of the Invention 

An objective of the present invention is to provide 
Paramyxovirus viral vector that ensures highly efficient transfer 
of foreign genes into skeletal muscle cells and use thereof. More 

15 specifically, the present invention provides a Paramyxovirus vector 
for introducing foreign genes into skeletal muscle, composition 
comprising the vector for foreign gene transfer into skeletal muscle, 
and method for introducing foreign genes into skeletal muscle using 
this vector. As a preferred embodiment of the present invention, a 

20 Paramyxovirus vector wherein a gene encoding a insulin-like growth 
factor has been inserted is provided, and use of this vector for the 
formation of myofibers are provided. 

Skeletal muscle is an attractive site for the delivery and 
expression of exogenous genes encoding therapeutic proteins for the 

25 treatment of systemic diseases and neuromuscular disorders. The 
present inventors investigated the feasibility of using the 
recombinant Sendai virus (SeV) vector containing LacZ reporter gene 
and human insulin-like growth factor-I (hIGF-I) gene for gene delivery 
into skeletal muscle 

30 A large number of X-gal labeled myofibers were detected in 

animals with/without bupivacaine treatment 7 days after the 
intramuscular injection of LacZ/SeV, and the transgene expression 
continued up to one month post-injection. Recombinant hIGF-I derived 
from IGF-I/SeV was detected as the major protein species in culture 

35 supernatants of L6 cells; and thus the induced L6 cells was determined 
to undergo morphological changes, such as multinuclear organization 
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and hypertrophy. The introduction of IGF-I/SeV into the muscle led 
to significant increases in regenerating myofibers and splitting 
myofibers, which were indicative of hypertrophy , and also an increase 
in the total number of myofibers, in comparison to those seen in the 
5 LacZ/SeV treated control. These results demonstrated that 
Paramyxovirus containing SeV achieves high-level transgene 
expression in skeletal muscle, and that IGF-I gene transfer using 
Paramyxovirus vector may have a great potential in the treatment of 
neuromuscular disorders. 

10 Specifically, the present invention relates to a Paramyxovirus 

vector gene for introducing a foreign gene into skeletal muscle, method 
for introducing a foreign gene into skeletal muscle using the vector, 
and a Paramyxovirus vector wherein an insulin-like growth factor has 
been inserted as a foreign gene, and use thereof for the formation 

15 of myofibers. More specifically, the present invention provides: 
[1] a method for introducing a foreign gene into skeletal muscle, 
wherein said method comprises the step of administering a 
Paramyxovirus vector inserted with the foreign gene into skeletal 
muscle; 

20 [2] the method according to [1], wherein the Paramyxovirus is Sendai 
virus ; 

[3] the method according to [1] or [2], wherein the foreign gene is 
a therapeutic gene; 

[4] the method according to [1] or [2], wherein the foreign gene is 
25 a gene that encodes an insulin-like growth factor; 

[5] a Paramyxovirus vector inserted with a foreign gene which is used 

for introducing the foreign gene into skeletal muscle; 

[6] the vector according to [5], wherein the Paramyxovirus is Sendai 

virus; 

30 [7] the vector according to [5] or [6], wherein the foreign gene is 
a therapeutic gene; 

[8] the vector according to [5] or [6], wherein the foreign gene encodes 
an insulin-like growth factor; 

[9] a composition for introducing a foreign gene into skeletal muscle 
35 which comprises a Paramyxovirus vector inserted with the foreign gene; 
[10] the composition according to [9], wherein the Paramyxovirus is 
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Sendai virus; 

[11] the composition according to [9] or [10], wherein the foreign 
gene is a therapeutic gene; 

[12] the composition according to [9] or [10], wherein the foreign 
5 gene encodes an insulin-like growth factor; 

[13] the composition according to [12] which is used for increasing 
regenerating myofibers and/or splitting myofibers in mammal; and 
[14] the composition according to [12] which is used for the treatment 
of neuromuscular 'disorders . 

10 

Herein, the phrase "Paramyxovirus vector" is defined as a vector 
(or carrier) that is derived from Paramyxovirus and that is used for 
gene transfer into host cells . The Paramyxovirus vector of the present 
invention may be ribonucleoprotein (RNP) or a virus particle having 

15 infectivity. Herein, "inf ectivity" is defined as the ability of the 
recombinant Paramyxovirus vector to transfer, through its cell 
adhesion and membrane fusion abilities, a gene contained in the vector 
into cells to which the vector is adhered. In a preferred embodiment, 
a foreign gene is integrated into the Paramyxovirus vector of the 

20 present invention in an expressible manner by genetic engineering. 
The Paramyxovirus vector may have replication ability, or may be a 
defective vector without replication ability. Herein, "replication 
ability"' is defined as an ability of virus vectors to replicate and 
produce infective virus particles in host cells that are infected 

25 with the virus vectors. 

Herein, the term "recombinant" Paramyxovirus vector is defined 
as a Paramyxovirus vector constructed via genetic engineering or 
amplified products thereof. For instance, recombinant Paramyxovirus 
vectors can be generated by reconstitution from a recombinant 

30 Paramyxovirus cDNA (Nagai, Y., and Kato, A., Microbiol. Immunol. 43, 
613-624 (1999) ) . 

Herein, the term "Paramyxovirus" is defined as a virus of the 
Paramyxoviridae family or a derivative thereof . Paramyxoviruses that 
can be used in the present invention include, viruses belonging to 

35 the family Paramyxoviridae, such as, Sendai virus, Newcastle disease 
virus, Mumps virus, Measles virus, respiratory syncytial virus (RSV) , 
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rinderpest virus, distemper virus, simian parainfluenza virus (SV5), 
and type I, II, and III human parainfluenza virus. The virus of the 
present invention may be preferably a virus of the genus Paramyxovirus 
or a derivative thereof . 
5 Examples of Paramyxoviruses that can be used in the present 

invention include type 1 parainfluenza viruses, such as, Sendai virus 
and human HA2 virus; type 2 parainfluenza viruses, such as monkey 
SV5, SV41, and human CA virus; type 3 parainfluenza viruses, such 
as bovine SF- and human HA1 virus'," type 4 parainfluenza viruses 

10 (including subtypes A and B) ; Mumps virus; Newcastle disease virus; 
and numerous other Paramyxoviruses. Most preferably, the 
Paramyxovirus of the present invention may be the Sendai virus . These 
viruses may be naturally-occurring, mutants, laboratory-passaged 
strains, artificially constructed strains, etc. Incomplete viruses 

15 such as the DI particle (Willenbrink, W., andNeubert, W. J., J.Virol. 
68, 8413-8417 (1994)), synthesized oligonucleotides, and so on, may 
also be utilized as material for generating a viral vector of the 
present invention . 

Genes encoding proteins of Paramyxovirus include NP, P, M, F, 

20 HN, and L genes. Herein, the "NP, P, M, F, HN, and L genes" represent 
those encoding the nucleocapsid protein, phosphoprotein, matrix 
protein, fusion protein, hemagglutinin-neuraminidase, and large 
protein, respectively. Genes of each virus of the subfamily 
Paramyxovirus are described generally as follows . In general, NP gene 

25 may also be indicated as "N gene." 
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For instance, the accession numbers of each gene of Sendai virus 
30 classified as a Respirovirus of Paramyxoviridae in the nucleotide 
sequence database, areM29343, M30202, M30203, M30204, M51331, M55565, 
M69046, andX17218 forNPgene; M30202, M30203, M30204, M55565, M69046, 
X.00583, X17007, andX17008 for P gene; D11446, K02742, M30202, M30203, 
M30204, M69046, U31956, X00584, X53056 for M gene; D00152, D11446, 
35 D17334, D17335, M30202, M30203, M30204, M69046, X00152, and X02131 
for F gene; D26475, M12397, M30202, M30203, M30204, M69046, X00586, 
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X02 80 8, X5 6131 for HN gene; and D00053, M302 02, M302 03, M302 04, M6904 0, 
X00587, and X58886 for L gene. 

As used herein, the term "gene" refers to a genetic substance 
including nucleic acids, such as RNA and DNA. A gene may or may not 
5 encode a protein. For example, a gene may encode a functional RNA 
such as ribozyme or antisense RNA. A gene can be a naturally-occurring 
sequence or an artificially designed sequence. Furthermore, as used 
herein, the term "DNA" includes single-stranded DNA and/or 
double-stranded DNA: . 

10 Herein, the term "skeletal muscle," as employed in this 

specification refers to muscles showing a striped pattern, and 
includes cardiac muscle. 

The present invention provides the use of Paramyxovirus vector 
for gene transfer into skeletal muscle. The present inventors found 

15 that Sev of Paramyxovirus could allow introduction of genes into 
skeletal muscle with high efficiency. Skeletal muscle is important 
as a target for the treatment of systemic diseases and neuromuscular 
disorders, and thus the vector of the present invention can be suitably 
used for gene therapy of such diseases. 

20 In addition, the present inventors revealed that the genes 

transferred into skeletal muscle using a recombinant SeV vector were 
persistently expressed over one month. This shows an advantage that 
continuous therapeutic effect can be obtained when gene therapies 
targeted at skeletal muscle was performed using a recombinant SeV 

25 vector. 

It is suggested that Paramyxovirus vectors can be preferably 
utilized in clinical trials of human gene therapy because they are 
safe and also because the vectors are not pathogenic to humans . First, 
it is a major obstacle in high efficient gene expression that 

30 introduced DNA must be transported into the nucleus, or the nuclear 
membrane must be lost for the expression of a foreign gene. However, 
in the case of Sendai virus and such expression of a foreign gene 
in host cell is driven by both cellular tubulin and its own RNA 
polymerase (L protein) in the cytoplasm with the replication of viral 

35 genome. This suggests that the genome of Sendai virus does not 
interact with the chromosome of host cells, which means that 
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chromosomal aberration and immortalization leading to risks such as 
tumorigenesis are avoided. Second, the Sendai virus is known to be 
pathogenic in rodents causing pneumonia, but not in humans, which 
is supported by studies showing that the intranasal administration 
5 of wild type Sendai virus does not harm nonhuman primates (Hurwitz, 
J. L. et al., Vaccine 15, 533-540 (1997)). These features suggest 
that Sendai virus vector can be utilized in human therapy, and further 
support the notion that Sendai virus can be a promising alternative 
in gene. therapy to skeletal muscle. 

10 Thus, the finding of the present inventors that Paramyxovirus 

vector ,is effective in gene transfer into skeletal muscle may greatly 
advance gene therapy, especially those targeted at skeletal muscle. 

The recombinant Paramyxovirus vector of the present invention 
used for gene transfer into skeletal muscle is not limited to any 

15 specific kind. For instance, suitable Paramyxovirus vectors include 
vectors that are able to replicate and autonomously propagate. In 
general, the genome of wild type Paramyxovirus contains a short 3' 
leader region followed by six genes encoding N (nucleocapsid) , P 
(phospho) , M (matrix), F (fusion), HN (hemagglutinin-neuraminidase), 

20 and L (large) proteins, and has a short 5' trailer region at the other 
terminus. The vector of the present invention that is able to 
replicate autonomously can be obtained by designing a genome having 
a similar structure to that described above. In addition, a vector 
for expressing an exogenous gene can be obtained by inserting the 

25 exogenous gene to the genome of the above vector. The Paramyxovirus 
vector of the invention may have an altered alignment of virus genes 
compared to the wild type virus. 

The Paramyxovirus vector of the invention may have deletion (s) 
of some of the genes that are contained in wild type virus. For 

30 instance, when Sendai virus vector is reconstituted, proteins encoded 
by NP, P/C, and L genes are thought to be reguired in trans, but the 
genes are not required to be a component of the virus vector. In one 
embodiment, an expression vector carrying genes encoding the proteins 
may be co-transf ected into host cells with another expression vector 

35 encoding the vector genome to reconstitute a virus vector. 
Alternatively, an expression vector encoding the virus genome is 
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transfected into host cells carrying genes encoding the proteins, 
and thus a virus vector can be reconstituted using the proteins 
provided by the host cell. The amino acid sequence of these proteins 
are not required to be identical to those derived from the original 
5 virus as long as they have an equivalent or higher activity in nucleic 
acid transfer, and may be mutated or replaced with those of homologous 
genes of other viruses. 

Proteins encoded by M,. F, and HN genes are thought to be essential 
for cell-to-cell propagation of a Paramyxovirus vector. However, 

10 these proteins are not required when the vector is prepared as RNP. 
If genes M, F, and HN are components of the genome contained in RNP, 
products of these genes are produced when introduced into host cells, 
and virus particles having infectivity are generated. 

RNP can be introduced into cells as a complex with a transf ection 

15 reagent, such as, lipof ectamine and polycationic liposome. 
Specifically, a variety of transfection reagents can be used, for 
instance, DOTMA (Boehringer) , Superfect (QIAGEN #301305 ) , DOTAP, DOPE, 
DOSPER (Boehringer #1811169), etc. Chloroquine may be added to 
prevent degradation in the endosome (Calos, M. P., Proc. Natl. Acad. 

20 Sci. USA 80, 3015 (1983)). In the case of replicative viruses, the 
produced viruses can be amplified or passaged by re-infecting them 
into cultured cells, chicken eggs, or animals (e.g., mammals such 
as mice) . 

Vectors lacking the M, F, and/or HN genes are also used as the 
25 Paramyxovirus vector of the present invention. These vectors can be 
reconstituted by exogenously providing deleted gene products. Such 
vectors can still adhere to host cells and induce cell fusion like 
the wild type. However, daughter virus particles do not have the same 
infectivity as the original ones because the vector genome introduced 
30 into cells lacks one of the above genes. Therefore, these vectors 
are useful as safe virus vectors that are capable of only a single 
gene transfer. For instance, genes deleted from the genome may be 
F and/or HN genes. Virus vectors can be reconstituted by 
co-transf ection of an expression plasmid encoding the genome of a 
35 recombinant Paramyxovirus lacking the F gene, an expression vector 
for the F protein, and that for NP, P/C, and L proteins into host 
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cells (International Application numbers PCT/ JP00/03194 and 
PCT/JP00/03195) . Alternatively, host cells wherein the F gene is 
integrated into the chromosome may also be used for the reconstitution 
of vectors. The amino acid sequences of these exogenously provided 
5 proteins do not have to be identical to those of the wild type and 
may be mutated or replaced by homologous proteins of other viruses 
as long as they provide equivalent or higher gene transfer activity. 

The envelope protein of the Paramyxovirus vector of the 
invention may contain a protein other than the envelope protein of 

10 the original vector genome . • According to the present invention, there 
is no limitation on such proteins. These include envelope proteins 
of other viruses such as the G protein of the vesicular stomatitis 
virus (VSV-G) . Thus, the Paramyxovirus vector of the invention 
includes a pseudo type virus vector that has an envelope protein 

15 derived from a virus different from the original virus. 

The Paramyxoviral vector of the present invention may also 
comprise, for example, on the viral envelop surface, proteins capable 
of adhering to particular cells, such as adhesion factors, ligands 
and receptors, or chimeric proteins that comprises such proteins on 

20 the outer surface and viral envelop-derived polypeptides inside the 
virus. Such proteins enable production of a' vector targeting a 
particular tissue. These proteins may be encoded by the virus genome 
itself, or supplied at the time of virus reconstitution through the 
expression of genes other than from the virus genome (for example, 

25 genes derived from another expression vector or host cell chromosome) . 

The virus genes contained in the vector of the present invention 
may be altered, for example, to reduce antigenicity or enhance RNA 
transcription efficiency or replication efficiency. Specifically, 
it is possible to alter at least one of the NP, P/C, and L genes, 

30 which are genes of replication factors, to enhance transcription or 
replication. It is also possible to alter the HN protein, a structural 
protein having hemagglutinin activity and neuraminidase activity, 
to enhance the virus stability in blood by weakening the former 
activity and to regalate infectivity by altering the latter activity. 

35 The fusion ability of membrane-fused liposomes can be altered by 
modifying the F protein that is involved in membrane fusion. 
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Furthermore, it is possible to analyze the antigen presenting epitopes 
and such of possible antigenic molecules on the cell surface, such 
as the F protein and HN protein, and use them to generate a Paramyxovirus 
that is engineered to have weak antigen presenting ability. 
5 A viral vector of the present invention can encode foreign genes 

in its genomic RNA. A recombinant Paramyxovirus vector comprising 
foreign genes can be prepared by inserting foreign genes into the 
above-mentioned Paramyxovirus vector genome. The foreign gene can 
be a desired gene to be expressed in target skeletal muscle. The 

10 foreign gene may encode a naturally occurring protein, or a modified 
protein prepared by- modifying the original protein by deletion, 
substitution or insertion, as long as the modified protein is 
functionally equivalent to the naturally occurring protein. For 
instance, for the purpose of gene therapy and such, a gene to treat 

15 a target disease may be inserted into the virus vector DNA. In the 
case of inserting a foreign gene into Sendai virus vector DNA, a 
sequence having nucleotides of multiples of six is desirably inserted 
between the transcription end sequence (E) and the transcription start 
sequence (S) (Calain, P., and Roux, L., J. Virol. 67(8), 4822-4830 

20 (1993)) . A foreign gene can be inserted upstream and/or downstream 
of each of the virus genes (NP, P, M, F, HN, and L genes) . In order 
not to interfere with the expression of upstream and downstream genes, 
an E-I-S sequence (transcription end sequence-intervening 
sequence-transcription start sequence) or a portion of it may be 

25 suitably placed upstream or downstream of the foreign gene. 
Alternatively, the foreign gene can be inserted via IRES sequence. 

Expression level of inserted foreign genes can be regulated 
by the type of transcription start sequence that is attached to the 
upstream of the genes. It also can be regulated by the position of 

30 insertion or the sequence surrounding the gene. In Sendai virus, for 
instance, the closer the insertion position to the 3' -terminus of 
the negative strand RNA of the virus genome (the closer to NP gene 
in the gene arrangement on the wild type virus genome), the higher 
the expression level of the inserted gene will be. To achieve a high 

35 expression of a foreign gene, it is preferably inserted into the 
upstream region of the negative stranded genome such as the upstream 
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of the NP gene (3' flanking sequence on the minus strand), or between 
NP and P genes. Conversely, the closer the insertion position to the 
5' -terminus of the negative strand RNA (the closer to L gene in the 
gene arrangement on the wild type virus genome) , the lower the 
5 expression level of the inserted gene will be. To reduce the 
expression of a foreign gene, it should be inserted as close as possible 
to the 5' terminus on the negative strand, that is, downstream of 
the L gene in the wild type virus genome (5' flanking region of the 
L gene on the negative strand) or upstream of the L gene (3' flanking 

10 region of L gene on the negative strand) . Thus, the insertion position 
of a foreign gene" can be properly adjusted so as to obtain a desired 
expression level of the gene or optimize the combination of the insert 
with the surrounding virus genes. To enable simple insertion of a 
foreign gene, a cloning site may be designed at the position of 

15 insertion. For example, the cloning site may be a recognition sequence 
of restriction enzymes. The restriction sites in the vector DNA 
encoding genome can be used to insert a foreign gene. The cloning 
site may be a multicloning site that contains recognition sequences 
for multiple restriction enzymes . The vector of the present invention 

20 may have other foreign genes at positions other than that used for 
the above insertion. 

Construction of recombinant Sendai virus vector having a 
foreign gene can be performed, for example, as follows according to 
the method described in Kato, A. et al., EMBO J. 16: 578-587 (1997); 

25 and Yu, D. et al., Genes Cells 2: 457-466 (1997). 

First, a DNA sample containing a cDNA sequence encoding a 
desired foreign gene is prepared. It is preferable that the 
concentration of the sample is 25 ng/jxl or higher and that it can 
be detected as a single plasmid by electrophoresis. The following 

30 description is an example where a foreign gene is inserted into the 
No tl site of virus genomic DNA. If the desired cDNA sequence contains 
a No tl site, the site is desirably removed in advance by altering 
the nucleotide sequence using known methods, such as site-directed 
mutagenesis, while maintaining the encoded amino acid sequence. The 

35 desired DNA fragment is amplified by PCR from the DNA sample . In order 
to obtain fragments having NotI sites at both ends and to add a single 
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copy of the transcription end sequence (E) , intervening sequence (I) , 
and transcription start sequence (S) of the Sendai virus (EIS sequence) 
to one end, a primer pair, i.e., synthesized DNA sequences as a forward 
primer and a reverse primer (antisense strand) , which comprises a 
5 NotI recognition site; E, I, and S sequences; and part of the desired 
gene, is prepared. 

For example, the forward synthetic DNA sequence contains two 
or more nucleotides at the 5' -terminus to ensure digestion with NotI 
(preferably 4 nucleotides not containing a sequence derived from the 

10 NotI recognition site, -such as, GCG and GCC; more preferably ACTT) . 
To the 3' -terminus of the sequence, the NotI recognition sequence 
GCGGCCGC is added. Furthermore, to the 3' -terminus any 9 nucleotides 
or 9 plus multiples of 6 nucleotides are added as a spacer . Furthermore, 
a sequence of approximately 25 nucleotides corresponding to the ORF 

15 of the desired cDNA starting with the initiation codon ATG is added 
to the 3' -terminus. The 3' -terminus of the forward synthetic oligo 
DNA containing approximately 25 nucleotides of the desired cDNA is 
preferably selected so that the last nucleotide is G or C. 

The reverse synthetic DNA sequence contains two or more 

20 nucleotides at the 5' -terminus (preferably 4 nucleotides not 
containing a sequence derived from the NotI recognition site, such 
as, GCG and GCC"; more preferably ACTT) . The NotI recognition sequence 
GCGGCCGC is added to the 3' -terminus of the sequence. Furthermore, 
a spacer oligo DNA is added to the 3' -terminus in order to adjust 

25 the length of the primer. The length of the oligo DNA is designed 
so that it is a multiple of 6 nucleotides including the NotI recognition 
sequence GCGGCCGC, the sequence complementary to the cDNA, and the 
EIS sequence derived from the Sendai virus genome as described below 
(so-called "rule of six"; Kolakofski, D. et al., J. Virol. 72, 891-899 

30 (1998)). Furthermore, to the 3'-terminus of the added sequence, 
complementary sequence to the S sequence of the Sendai virus 
(preferably 5' -CTTTCACCCT-3' ) , the I sequence (preferably 5'-AAG-3' ) , 
and complementary sequence to the E sequence (preferably 
5' -TTTTTCTTACTACGG-3' ) are added. Finally, a sequence of the 

35 complementary strand of the desired cDNA, which sequence is selected 
so that the last nucleotide becomes G or C, is added as the 3'-teminus 
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of the reverse synthetic oligo DNA, wherein the last nucleotide is 
approximately 25 nucleotides upstream from the termination codon of 
the cDNA . 

PCR can be performed by common methods in the art, such as, 
5 ExTaq polymerase (TaKaRa) . Vent polymerase (NEB) may be preferably 
used and the amplified fragment digested with NotI and inserted into 
the NotI site of the plasmid vector pBluescript. The nucleotide 
sequence of the obtained PCR product is checked with an automated 
DNA sequencer and a plasmid having the correct sequence is selected. 

10 The insert is'excised from the plasmid by NotI digestion, and subcloned 
into the NotI site of the plasmid comprising genomic cDNA. 
Alternatively, the PCR products may be directly cloned into the NotI 
site without using pBluescript vector to obtain recombinant SeV cDNA. 

A viral genome-encoding DNA is ligated with an appropriate 

15 transcriptional promoter to construct a vector DNA. The resulting 
vector is transcribed in vitro or in cells and RNP is reconstituted 
in the presence of viral L, P, and NP proteins to produce a viral 
vector comprising the RNP. Reconstitution of a virus from viral vector 
DNA can be performed according to known methods (W097/16539; 

20 W097/16538; Durbin, A. P. etal., Virol. 235, 323-332 (1997); Whelan, 
S. P. et al. , Proc. Natl. Acad. Sci. USA 92, 838 8-8392 (1995) ; Schnell, 
M. J. et al., EMBO J. 13, 4195-4203 (1994); Radecke, F. et al., EMBO 
J. 14, 5773-5784 (1995); Lawson, N. D. etal., Proc. Natl. Acad. Sci. 
USA 92, 4477-4481 (1995); Garcin, D. et al . , EMBO J. 14, 6087-6094 

25 (1995); Kato, A. et al., Genes Cells 1, 569-579 (1996); Baron, M. 
D., and Barrett, T., J. Virol. 71, 1265-1271 (1997); Bridgen, A., 
and Elliott, R. M. , Proc. Natl. Acad. Sci. USA 93, 15400-15404 (1996) ) . 
These methods enable reconstitution of Paramyxovirus vectors 
including the parainfluenza virus, vesicular stomatitis virus, rabies 

30 virus, measles virus, rinderpest virus, and Sendai virus vectors from 
DNA. When the F, HN, and/or M genes are deleted from the virus vector 
DNA, infective virus particles will not be formed. However, it is 
possible to generate infective virus particles by introducing these 
deleted genes and/or genes encoding an envelope protein from another 

35 virus into the host cells and expressing them. 

Methods for introducing vector DNA into desired cells include: 
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(1) a method involving the step of forming DNA precipitates that can 
be incorporated into desired cells; (2) a method involving the step 
of preparing a complex that comprises positively charged DNA having 
low cytotoxicity and which is suitable for the incorporation into 
5 desired cells; and (3) a method using electrical pulse for 
instantaneously opening a pore in the desired plasma membrane large 
enough for a DNA molecule to pass through. 

A variety of transfection reagents can be used in (2), for 
instance, DOTMA (Boehringer) , Superfect (QIAGEN #301305) , DOTAP, DOPE, 

10 and DOSPER (Boehringer #1811169). For (1), transfection using 
calcium phosphate can be used. ' In this method, DNA incorporated by 
cells is taken up into phagocytic vesicles, but it is known that a 
sufficient amount of DNA is also introduced into the nucleus (Graham, 
F. L., and van Der Eb, J., Virol. 52, 456 (1973); Wigler, M . , and 

15 Silverstein, S., Cell 11, 223 (1997)). Chen and Okayama (Chen, C, 
and Okayama, H., Mol . Cell. Biol. 7, 2745 (1987)) studied the 
optimization of the transfer technology and reported that: (a) maximal 
efficiency is obtained when cells and precipitates are incubated under 
2 to 4% C0 2 at 35°C for 15 to 24 hr; (b) circular DNA has higher activity 

20 than linear DNA; and (c) the optimal precipitates are formed when 
the DNA concentration in the mixed solution is 20 to 30 (ig/ml. The 
method of (2) is suitable for transient transfection. A classic 
transfection method wherein DEAE-dextran (Sigma #D-9885; M. W. 5 x 
10 5 ) is mixed with DNA at a desired concentration ratio is known in 

25 the art. Because most complexes are degraded in the endosome, 
chloroquine may be added to enhance the transfection efficiency (Calos, 
M. P., Proc. Natl. Acad. Sci. USA 80, 3015 (1983)). The method of 
(3) , called electroporation, may be more broadly applied than the 
method (1) or (2) because it can be applied to any kind of cell. High 

30 transfection efficiency can be obtained by optimizing the duration 
of pulse currents, the form of pulse, the strength of the electrical 
field (gap between electrodes and voltage) , conductivity of buffer, 
DNA concentration and cell density. 

Among the above-mentioned three methods, the method using 

35 transfection reagent (i.e., method (2)) is suitable for the present 
invention due to its ease of performance, whereby testing of a large 
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number of samples using a large amount of cells is possible. Preferred 
transfection reagents include, Superfect Transfection Reagent 
(QIAGEN, #301305) and DOSPER Liposomal Transfection Reagent 
(Boehringer Mannheim #1811169) . 
5 Reconstitution from cDNA can be performed as follows: 

LLC-MK2, a cell line derived from monkey kidney, is cultured 
in a 24-well to 6-well plastic plate or in a 100-mm Petri dish in 
minimum essential medium (MEM) containing 10% fetal calf serum (FCS) 
and antibiotics (100 units/ml penicillin G and 100 |ig/ml streptomycin) 
10 to be 70 to 80% confluent . Cells are then infected, for instance, 
at 2 PFU/cell with recombinant vaccinia virus vTF7-3 expressing T7 
polymerase, which virus has been inactivated by a 20-minute UV exposure 

in the presence of 1 j^g/ml psoralen (Fuerst, T. R. et al . , Proc. Natl. 
Acad. Sci. USA 83, 8122-8126 (1986); and Kato, A. et al., Genes Cells 

15 1, 569-579 (1996)). The amount of psoralen and the duration of UV 
exposure can be optimized. One hour after infection, cells are 
transfected by, for example, lipofection using Superfect (QIAGEN) 
with 2 to 60 |ig, or more preferably 3 to 5 jig of the above recombinant 
Sendai virus cDNA together with expression plasmids for virus proteins 

20 (24-0.5 (ig pGEM-N, 12-0.25 jug pGEM-P, and 24-0.5 \xg pGEM-L, or more 
preferably 1 |ig pGEM-N, 0 . 5 |ag pGEM-P, and 1 jig pGEM-L) (Kato, A. et 
al., Genes Cellsl, 569-579 (1996)) that function in trans and are 
required for producing a full length Sendai virus genome. The 
transfected cells are cultured in serum free MEM containing, if 

25 desired, 100 (ig/ml rifampicin (Sigma) and cytosine arabinoside (AraC) 
(Sigma), preferably 40 ]ug/ml AraC, so that the drug concentration 
is adjusted to be optimal to minimize the cytotoxicity of the vaccinia 
virus and maximize the recovery of the virus (Kato, A. et al . , Genes 
Cells 1, 569-579 (1996)). Cells are cultured for 48 to 72 hr after 

30 transfection, then collected and lysed through three cycles of 
f reeze-thawing. The cell lysates are transfected into LLC-MK2 cells, 
and after a 3- to 7-day culture the culture medium is collected. To 
reconstitute a virus vector lacking a gene encoding an envelope protein 
that is incapable of replication, the vector may be transfected into 

35 LLC-MK2 cells expressing the envelope protein, or co-transf ected with 
an expression plasmid for the envelope protein. Alternatively, 
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transfected cells can be overlaid and cultured on LLC-MK2 cells 
expressing the envelope protein to propagate a deletion virus vector 
(see International Application Numbers PCT/ JP00/03194 and 
PCT/JP00/03195) . The virus titer of the culture supernatant can be 
5 determined by measuring hemagglutinin activity (HA) . The HA may be 
determined by the "endo-point dilution method" (Kato, A. etal., Genes 
Cells 1, 569-579 (1996) ) . The obtained virus stock can be stored at 
-80°C. 

According to the present invention, host cells are not limited 

10 to any special type of cells as long , as the virus vector can be 
reconstituted in the cells. Host cells may include LLC-MK2 cells; 
CV-1 cells derived from monkey kidney; cultured cell lines, such as, 
BHK cells derived from hamster kidney; and human-derived cells. 
Furthermore, to obtain a large quantity of Sendai virus vector, 

15 embryonated chicken eggs may be infected with virus vectors obtained 
from the above host cells and the vectors can be amplified. The method 
of producing virus vectors using chicken eggs is well established 
(Advanced protocols in neuroscience study III, Molecular physiology 
in neuroscience . , Ed. by Nakanishi et al., Kouseisha, Osaka, 153-172 

20 (1993) ) . For example, more specifically, fertilized eggs are 
incubated for 9 to 12 days at 37 to 38 °C in an incubator to grow the 
embryos. Virus vectors are inoculated into the allantoic cavity, and 
eggs are further incubated for several days to propagate the vectors. 
Conditions like duration of incubation may vary and depend upon the 

25 type of recombinant Sendai virus used. Then, allantoic fluids 
containing viruses are recovered. The Sendai virus vector is 
separated and purified from the allantoic fluid sample according via 
a standard method (Tashiro, M., Protocols in virus experiments., Ed. 
by Nagai and Ishihama, MEDICAL VIEW, 68-73 (1995)). 

30 To prepare a deletion virus vector, for example, two different 

virus vectors with genomes lacking different envelope gene, 
respectively, are transfected into a cell. As a result, envelope 
proteins encoded by the deleted genes are supplied through the 
expression from one of the vectors, and this mutual complementation 

35 permits the generation of infective virus particles that can replicate 
and propagate. Thus, two or more of the virus vectors of the present 
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invention may be simultaneously inoculated in combination that 
complements each other and produces a mixture of each envelope deletion 
virus vector at a low cost and on a large scale. Because these viruses 
lacking an envelope gene have a smaller genome, they allow insertion 
5 of a longer foreign gene compared to those without deletion. In 
addition, the co-infecting ability of these intrinsically 
non-infective viruses can be hardly retained after dilution outside 
the cell; which means that such virusesare sterilized outside the 
cell and are less harmful to the environment. 

10 Gene therapy can be conducted by preparing a viral vector using, 

as a foreign gene, a gene suitable for the treatment of a disease 
and then administering the vector. The viral vector of the present 
invention can be used in gene therapy to express a foreign gene for 
which a therapeutic effect is expected or an endogenous gene whose 

15 in vivo expression is impaired in a patient. Expression of the gene 
may follow either direct administration or indirect (ex vivo) 
administration of the viral vector. There are no limitations on any 
specific type of foreign gene, as it may include not only nucleic 
acids encoding proteins but also nucleic acids which do not encode 

20 any proteins (e.g., antisense or ribozyme) . 

The Paramyxovirus vector of the present invention can be 
formulated as a composition together with a desired pharmaceutically 
acceptable carrier. Herein, the phrase "pharmaceutically acceptable 
carrier" is defined as materials that can be administered with a vector 

25 and does not inhibit gene transfer achieved by the vector. For 
instance, the Paramyxovirus vector of the invention may be 
appropriately diluted with saline, phosphate buffered saline (PBS), 
etc. to make a composition. If the Paramyxovirus vector of the 
invention is propagated in chicken eggs, the composition may contain 

30 allantoic fluids . Also, the composition may contain carriers or media 
such as deionized water or 5% dextrose aqueous solution. It may 
further contain stabilizers, and antibiotics, etc. 

A foreign gene carried by the Paramyxovirus vector that is 
obtained according to the above-described method can be expressed 

35 in skeletal muscle by transferring the Paramyxovirus vector or a 
composition comprising the vector into the skeletal muscle. 
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Moreover, prior to the administration of the virus vector, 
bupivacaine, which is known to enhance the expression of transgenes 
by inducing muscle regeneration, may be administered. 

According to the present invention, there is no limitation on 
5 the type of gene to be transferred using Paramyxovirus of the present 
invention. Such genes may encode naturally occurring proteins or 
artificial proteins. Naturally occurring proteins include, for 
example, hormones, cytokines, growth factors, receptors, enzymes, 
and peptides . Such proteins can be secretory proteins, transmembrane 

10 proteins, .cytoplasmic proteins, nuclear proteins, etc. Artificial 
proteins include, for example, fusion proteins, such as chimeric 
toxin; dominant negative proteins (including, soluble molecules of 
receptors and membrane-bound dominant negative receptors) ; 
deficient-type cell-adhesion molecules; and cell-surface molecules. 

15 Furthermore, secretory signal, membrane localization signal, or 
nuclear translocation signal may be added to such proteins. A gene 
to be introduced may be a gene which is not originally expressed in 
skeletal muscle. Alternatively, a gene which is normally expressed 
in skeletal muscle can be introduced for over-expression. It is also 

20 possible to suppress the functions of an undesirable gene expressed 
in skeletal muscle by introducing an antisense RNA molecule, or a 
ribozyme that cleaves RNA. 

The vector of the present invention can be applied to gene 
therapy for various diseases. Such gene therapy can be carried out, 

25 for example, to compensate for the expression defect in cells due 
to gene deficiency, to confer a new function by introducing a foreign 
gene into cells, or to suppress an undesirable activity in cells by 
introducing a gene that suppresses the activity of a certain gene. 

Examples of diseases to be treated by gene therapy include 

30 muscular dystrophy; myositis; myopathy; and myopathy and 
cardiomyopathy following myocardial infarction. Examples of genes 
effective for the treatment of muscular dystrophy include dystrophin 
and IGF-I; those for myositis, IGF-I and FGF; and those for myopathy, 
IL-10, IL-12, and IL-6. 

35 A preferable example of a gene that is introduced by the 

Paramyxovirus of the present invention includes a gene encoding an 



THIS PAGE BLANK (usptty 



19 



insulin-like growth factor. As a result, a significant increase in 
regenerating myofibers and splitting myofibers (they indicate 
hypertrophy) , as well as an increase in the total number of myofibers 
can be expected. Thus, Paramyxovirus into which a gene that encodes 
5 an insulin-like growth factor has been introduced is expected to be 
applicable for the treatment of neuromuscular disorders. Examples 
of neuromuscular disorders include nerve fiber breakage caused by 
injury, amyotrophic lateral sclerosis, and spinal amyotrophy. 

Gene therapy can be carried out by administering a composition 

10 containing the Paramyxovirus vector in vivo, either intramuscularly 
or extramuscularly, and expressing the foreign gene in skeletal muscle . 
In addition, it may also be administered ex vivo. Methods for 
introducing the vector into skeletal muscle include methods wherein 
the vector is introduced transcutaneously and methods wherein the 

15 vector is directly introduced by incision of the skin. When 
introducing the vector, one should be careful not to damage the 
epimysium. 

The Paramyxoviral vector is administered into skeletal muscle 
at a sufficient dose that ensures the introduction of an effective 

20 amount of the vector into skeletal muscle. The term "effective 
amount," as employed herein refers to an amount that ensures the 
introduction of the gene into skeletal muscle by the method of the 
present invention to produce a desired therapeutic or preventive 
effect (at least in part) . The administration of an effective amount 

25 of the Paramyxoviral vector of the present invention comprising a 
desired gene induces alterations in the phenotypes of the cells where 
the vector has been introduced and/or the surrounding skeletal muscle. 
Preferably, the administration of an effective amount of the vector 
of the present invention comprising the desired gene to skeletal muscle 

30 leads to the introduction of the gene into a significant number of 
cells in the skeletal muscle as well as to the induction of alterations 
in the phenotypes of the cells. The phrase "a significant number of 
cells" means that the gene has been introduced via the vector of the 
present invention into at least about 0.1%, preferably about 1% or 

35 more, more preferably about 5% or more, still more preferably about 
10% or more, most preferably about 20% or more of target skeletal 
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muscle at the administration site. 

The achievement of gene transfer into cells can be confirmed 
via assay methods known to those skilled in the art. For example, 
the transcript of a gene can be detected, by Northern hybridization, 
5 reverse transcriptase-polymerase chain reaction (RT-PCR) , or RNA 
protection assay. The detection by Northern hybridization, RT-PCR, 
etc. can also be carried out in situ. The detection of the translation 
product can be carried out using antibody by Western blotting, 
immunoprecipitation, RIA, enzyme-linked immunosorbent assay (ELISA) , 

10 pull-down .ass'ay, .etc. To easily detect the achievement of gene 
transfer, the protein to be expressed can be tagged or a reporter 
gene can be inserted so as to ensure its expression. The reporter 
gene includes, but is not limited to, genes encoding 0-galactosidase, 
chloramphenicol acetyltransf erase (CAT) , alkaline phosphatase, and 

15 green fluorescent protein (GFP) . 

The dose of the vector and the route of administration can be 
appropriately determined by those skilled in the art, and may vary 
depending on the disease, body weight, age, sex, and symptom(s) of 
the patient, the purpose of administration, the kind of transgene, 

20 etc. The concentration of the vector (with pharmaceutically 
acceptable carriers) may be preferably within the range of 
approximately 10 5 'PFU/ml to 10 11 PFU/ml, more preferably approximately 
10 7 PFU/ml to 10 9 PFU/ml, and most preferably approximately 1 x 10 8 
PFU/ml to 1 x 10 9 PFU/ml. 

25 The composition of the present invention comprising the virus 

vector may be administered into subjects, including all mammalian 
animals, such as humans, monkeys, mice, rats, rabbits, sheep, cattle, 
and dogs . 

30 Brief Description of the Drawings 

Fig. 1 depicts a photograph and graph showing in vitro 
expression of hIGF-I. (A) The photograph showing the expression of 
hIGF-I in the culture supernatant of virus infected L6 cells . Samples 
from culture supernatant with following conditions were analyzed by 

35 Western blotting (1= virus free, 2= LacZ/SeV (moi=0.1, 3 days) 3= 
IGF-I/SeV (moi=0.1, 3 days), 4= IGF-I/SeV (moi=0.1, 4 days) . (B) The 
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graph showing time- and moi-dependent expression of hIGF-I derived 
from hIGF-I/SeV infected L6 cells. Supernatants from cells infected 
with different moi were taken at different time points, and assayed 
for hIGF-I quantities using ELISA kit. 
5 Fig. 2 depicts photographs showing myogenic differentiation 

and hypertrophy of L6 cells enhanced by SeV-mediated hIGF-I. 

Control cells cultured in serum-free media (differentiation 
media) for 4 days. The virus infected cells were infected at either 
moi=0..05 or 0.2, and cultured in serum-free media for 4 days. After 

10 fixation, the myotubes were treated with monoclonal antibody against 
the myosin heavy chain embryonic subunit (MAb BF-45) and other cells 
were subjected to nuclear staining. The viral infected cells shows 
moderate myotube hypertrophy at moi=0.05 and much more pronounced 
myotube hypertrophy at moi=0.2 than those cultured under serum free 

15 condition alone. Nuclear organization was observed in the viral 
infected cells, which was grouped in the middle of the myofibers. 

Fig. 3 depicts photographs showing transducibility of SeV to 
skeletal muscle in vivo. 

With/without pre-treatment with myonecrotic agent 

20 (bupivacaine) , 200 \xl of recombinant SeV (5 x 10e7 PFU) carrying the 
LacZ reporter gene (LacZ/SeV) was injected in the tibialis anterior 
muscle of mature rat. After indicated days as follows, the muscle 
was excised and stained for the P-galactosidase activity; A and B: 
bupivacaine (7 days), C and D: bupivacaine (14 days), E and F: 

25 bupivacaine (30 days), G and H: no bupivacaine (7 days), I and J: 
no bupivacaine (14 days), and K and L :no bupivacaine (30 days). 

Fig. 4 depicts a photograph showing the expression of hIGF-I 
in the tibialis anterior muscle 7 days after virus injection analyzed 
by Western blotting with anti-hIGF-I antibody. 200 jil each of either 

30 LacZ/SeV (2 x 10e8 PFU) or hIGF-I/SeV (2 x 10e8 PFU) was injected 
in the tibialis anterior muscle. 7 Days later, 300 (il of tissue 
extraction solution was obtained from 100 ^g of excised frozen muscle 
tissue. Proteins in 50 jil of the extraction solution (corresponding 
to 16.7 (j.g tissue) were precipitated with cold acetone, and then were 

35 subjected to Western blot analysis with anti-hIGF-I antibody. (M: 
marker proteins, 1: no-treatment, 2: LacZ/SeV (#1 animal), 3: LacZ/SeV 
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(#2 animal), 4: hIGF-I/SeV (#3 animal), 5: hIGF-I/SeV (#4 animal)). 

Fig. 5 depicts photographs showing the expression of hIGF-I 
in the tibialis anterior muscle 7 days after virus injection. 
Regeneration of the tibialis anterior muscle. 200 p.1 each of LacZ/SeV 
5 (2 x 10e8 PFU) and hIGF-I/SeV (2 x 10e8 PFU) was injected in the right- 
or left-tibialis anterior muscles , respectively. The excised muscle 
transverse sections were treated with hematoxylin-eosin (HE) (a, d, 
and g) , with acid phosphatase to detect macrophage (b, e, and h) , 
and with BF-45 (c, f, and ' l) ... Macrophage and BF-45 positive cells 

10 are shown with white 'and black arrowheads, respectively. 

Fig. 6 depicts a graph showing the expression of hIGF-I in the 
tibialis anterior muscle 7 days after virus injection. The number 
of myofiber expressing embryonic MyHC. The total number of positive 
embryonic MyHC cells was counted (n=4) , and the results are expressed 

15 as the meaniSD (n=4) . The single asterisk denotes P<0.01 for paired 
comparisons (Student's t test). 

Fig. 7 depicts photographs showing the regeneration of the 
tibialis anterior muscle 14 days after virus injection. 200 ^1 each 
of LacZ/SeV (2 x 10e8 PFU) and hIGF-I/SeV (2 x 10e8 PFU) was injected 

20 in the right- or left-tibialis anterior muscles, respectively. The 
transverse sections of excised muscle were treated with 
hematoxylin-eosin. (A: allantoic fluid only, B: IGF-I/SeV (left),. 
C: LacZ/SeV (right) ) . 

Fig. 8 depicts photographs showing the regeneration of the 

25 tibialis anterior muscle 30 days after virus injection. Almost no 
inflammatory reaction was seen in the section. IGF-I/SeV treated 
muscle showed splitting phenomena due to hypertrophy (Fig. 8a and 
b) . Splitt positions are shown with arrowheads. The regeneration 
myofibers treated with LacZ/SeV returned nearly to normal (Fig. 8c) . 

30 Fig. 9 depicts a graph showing the regeneration of the tibialis 

anterior muscle 30 days after virus injection. Effect of hIGF-I 
expression on the number of myofibers (open bars) and number of 
splitting fibers (closed bars) . The total number of fibers of the 
LacZ/SeV-treated tibialis anterior muscle of each animal in group 

35 1 served as the control (the value defined as 1) for hIGF/SeV-treatment 
(the results expressed as relative values to the control) (open bars) . 
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The average relative value (n=4) is plotted (±SD) . Single asterisk 
denotes the P<0.03 for paired comparisons (Student ! s t test). The 
number of splitting fibers was counted, and the results are expressed 
as the meaniSD (n=4) . Double asterisks denote the P<0.01 for paired 
5 comparisons (Student's t test). 

Fig. 10 depicts a graph showing the comparison of gene 
introduction in mouse leg muscle (after 3 days) . The titer was 4 x 
10 7 ClU/head (dose: 100 \xl, administration: twice) . 

10 Best Mode -for Carrying "out the Invention 

The present invention will be explained in detail below with 
reference to Examples, but it is not to be construed as being limited 
thereto . 

15 [Example 1] Construction of Sendai virus vector 

The human IGF-I open reading frame was amplified by PCR from 
a human cDNA library (Gibco BRL, Rockville, MD) with primers, 
5' -ATCC GAATTC GCAATGGGAAAAATCAGCAGTC-3 1 (SEQ ID NO: 1) and 
5 1 -ATCC GAATTC CTACATCCTGTAGTTCTTGTTTCCTGC-3 ' (SEQ ID NO: 2), based 

20 on the DNA sequence of Accession number X00173 (Nature 306, 609-611 
(1983) ) . The resulting PCR product was cloned at the EcoRI site of 
pBluescript II, and then was sequenced. The product with the correct 
sequence of hIGF-I gene was re-amplified with primers, containing 
SeV-specific transcriptional regulation signal sequences, 

25 5' -ATCC GCGGCCGC CAAAGTTCAGCAATGGGAAAAATCAGCAGTCTTC-3 ' (SEQ ID NO: 3) 
and 5 ' -ATCC GCGGCCGC GATGAACTTTCACCCTAAGTTTTTCTTACTACGGCTA 

CATCCTGTAGTTCTTGTTTCCTGC-3 1 (SEQ ID NO: 4), and was cloned to generate 
pIGF-I/SeV in the No tl site of the parental pSeV18+b( + ), which was 
constructed to prepare exact SeV full-length antigenomic plus sense 

30 RNA of 15402 nucleotide. The resulting pIGF-I/SeV was transfected 
into LLCMK2 cells infected with vaccinia virus vTF7-3, expressing 
T7 polymerase. T7-driven full-length recombinant IGF-I/SeV RNA 
genome was encapsulated with N, P, and L proteins, which were dried 
from respective cotransf ected plasmids. After a 40-hr incubation, 

35 the transfected cells were injected into embryonated chicken eggs 
to amplify the recovered virus. 
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[Example 2] In vitro hIGF-I expression 

IGF- 1 has been shown to be closely related to proliferation, 
differentiation, and hypertrophy in both rats (J. Biol. Chem. 272, 
5 6653-6662 (1997); J. Cell. Biol. 135, 431-440 (1996)) and mice (J. 
Biol. Chem. 264, 13810-13817 (1989)) cell lines. The present 
inventors investigated whether recombinant human IGF-I can induce 
morphological changes of L6 cells (neonatal rat myoblast cell line) 
via SeV-mediated gene transfer.. .The newly constructed recombinant 

10 SeV harboring human IGF-I (hIGF-I) gene, designated as hIGF-I/SeV, 
and SeV encoding p-galactosidase (LacZ/SeV) were used for 
investigating the following facts : (1) IGF-I expression in 
supernatant (Western blotting analysis), (2) kinetics of IGF-I 
expression in supernatant (ELISA assay ) , and (3) morphological change 

15 of L6 cells. 

In vitro study 

Differentiation into myotube cells of L6 cells was suppressed 
by culturing them in DMEM medium with 20% FCS and 

20 penicillin/streptomycin. The cells were infected with virus in 
serum-free DMEM or without serum followed by culturing under 
differentiating conditions. For immunoblotting, 100 |il of 
supernatant were concentrated to 10 (il with 2 volumes of cold-acetone, 
were separated by sodium dodecyl sulf ate-polyacrylamide gel 

25 electrophoresis (SDS-PAGE) using a 15-25% resolving gel, and then 
were transferred to a polyvinylidene-dif luoride membrane (DAI I CHI 
PURE CHEMICALS,. Tokyo) . Primary antibody reaction was performed with 
anti-human IGF-I monoclonal antibody (Diagnostic Systems 
Laboratories, Webster, TX) , and horseradish peroxidase-labeled 

30 antibody was used for the second reaction. Complexes were visualized 
using enhanced chemiluminescence (ECL, Amersham, UK) . ELISA assay 
was conducted to measure the IGF-I level in the culture supernatant. 
The assay was basically performed following the manufacturer's 
recommendations (R&D systems, Minneapolis, MN) . 

35 As a result, (1) reaction bands with a molecular mass of 12-13 

kDa were observed for the culture supernatants of L6 cells infected 
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with hIGF-I/SeV under the conditions of a multiplicity of 0.1 for 
3 and 4 days (Fig. 1A, lanes 3, and 4) . This protein specie was absent 
in LacZ/SeV infected supernatant. The result demonstrates that 
hIGF-I was produced from the recombinant SeV and was secreted into 
5 the culture supernatant. 

(2) Fig. IB shows the amount of IGF-I expressed in the L6 cell 
supernatant after viral infection. Under an infectious condition 
with a multiplicity of 0.05, 48 hr after infection the IGF-I 
concentration in the supernatant increased to 203 ng/ml without 

10 showing cytopathogenic- effect (CPE) to the cells, and after 96 hr 
increased to 435 ng/ml. At a multiplicity of 0.5, 566 ng/ml and 935 
ng/ml of IGF-I were secreted into the medium after 48 hr and 96 hr, 
respectively. Under an infectious condition with a multiplicity of 
2.5, IGF-I concentration of 39 ng/ml and 463 ng/ml were detected after 

15. 12 hr and 24 hr, respectively. No IGF-I could be observed in the 
LacZ/SeV infected supernatant. These results show that the gene 
products were secreted into the culture supernatant via the 
SeV-mediated gene transfer. 

(3) L6 cell line is known to express the IGF-I receptor instead 
20 of IGF-I, and therefore is responsive to exogenous IGF-I, which induces 

hypertrophy (J. Cell. Biol. 135, 431-448 (1996)). The ability of 
recombinant IGF-I to induce differentiation of L6 was examined. L6 
cells were grown in medium containing 20% FCS, and virus-mediated 
gene transfer was conducted at 80% confluency, and the medium was 

25 substituted with serum-free medium or serum-free medium with a 
definite concentration of hIGF-I protein. 500 jig/ml of bovine serum 
albumin was added to all samples to suppress adsorption of hormone 
to the cell surface. After four days, clear differences in cell 
morphology dependent on the virus infection multiplicity could be 

30 observed (Fig. 2) . Generated myotubes were treated with myosin heavy 
chain (MyHC) antibody against the embryonic subunit (MAbBF45) . The 
bound antibody was visualized with Alexa Flour™ 568 goat anti-mouse 
IgG (H+L) conjugate. Nuclei of the cells were visualized by propidium 
iodine staining. The cells cultured in the media containing hIGF-I 

35 at the concentrations of a multiplicity of 0.05 (Fig. 2A and B) and 
0.2 (Fig. 2B and F) exhibited larger myotubes, multiple nuclear in 
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the middle of the myofibers, and hypertrophy (i.e., increase in size 
and width of the myotube) (Fig. 2A, B, E, and F) , compared to cells 
cultured in both serum and hIGF-I free condition (Fig. 2D and H) . 
Moreover, the morphological changes induced by the viral infection 
5 was consistent with that induced by the IGF-I protein (Fig. 2C and 
G) . These results indicate that the efficacy of the recombinant hIGF-I 
from SeV was the same as that of the IGF-I protein, and that the 
recombinant hIGF-I also shows biological function in vitro and induced 
myogenesis of the neonatal rat myoblast L6 cells. 

10 . ,' 

[Example 3] In vivo LacZ reporter gene expression 

Sprague-Dawley rats (male, 6 week old, 160-180 g) were 
anesthetized by intraperitoneal injection of pentobarbital sodium 
(50 mg/kg) . The hind limbs were shaved and scrubbed with ethanol, 

15 and 1.5-cm skin incisions were made to expose the tibialis anterior 
muscles. For LacZ reporter gene transfer study, 200 (il of LacZ /SeV 
(5 x 10e7 PFU) were injected into the mid belly of the left tibialis 
anterior muscle . Transgene expression was observed by X-gal staining. 
For bupivacaine treated animals, 3 days prior to vector injection, 

20 200 (il of 0.5% bupivacaine solution was injected into the tibialis 
anterior muscle . 

As a result, one week after LacZ/SeV injection, the muscle 
tissue pre-treated with bupivacaine showed a high level X-gal staining 
(Fig. 3A and B) compared with the untreated muscle (Fig. 3G and H) . 

25 Some X-gal positive fibers were observed among comparatively small 
myofibers around necrotic fibers, and infiltrating cells of 
neutrophils and macrophages in bupivacaine pretreated muscle (Fig. 
3B) . The small myofibers are considered to be regenerated immature 
fibers, which were induced by the intramuscular injection of 

30 bupivacaine and/or by viral injection in the tibialis anterior muscle 
of adult rats. Vitadello et al. (Hum. Gene Ther. 5, 11-18 (1994)) 
demonstrated that, 3 days after bupivacaine treatment, muscle show 
mononucleated cells and small myotubes which can be stained with anti 
MyHC monoclonal antibody (BF-45) , and that the enzymatic activity 

35 expressed by the transfection of naked DNA is higher after 3 days 
than 1 or 7 days after the injury. The small and positive fibers to 
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which SeV could introduce the LacZ gene were considered to be 
mitotically active myoblasts or immature myotubes emerging during 
skeletal muscle maturation. In non bupivacaine-treated animals, the 
necrotic myofiber area induced by viral infection was much smaller 
5 than that induced in bupivacaine and virus treated animals. Although 
the number of positive fibers were less than that in the bupivacaine 
treated ones, X-gal labeled myofibers could be also obseved in the 
non bupivacaine-treated myofibers (Fig. 3H) . The cells around the 
transduced myofibers had no central nucleus and also were larger in 

10 size than the regenerated myofibers shown in Fig. 333, indicating that 
these cells may be mature myofibers. Taken together, the transduced 
myofibers may be mature myofibers. Therefore, SeV could introduce 
the genes encoding proteins into rat mature myofibers . The expression 
of X-gal could be also observed two weeks after the viral injection. 

15 The profiles of positive fibers in bupivacaine-treated and non treated 
animals (Fig. 3C, D, I, and J) were consistent with that of the samples 
after 7 days described above, though the number of positive fibers 
was decreased. 30 days after viral injection, X-gal labeled fibers 
could be observed only in bupivacaine-treated animals (Fig. 3E and 

20 F) . On the other hand, X-gal labeled fibers could not be observed 
in myofibers but in interstitial cells of bupivacaine-untreated 
animals (Fig. 3K and L) . These results demonstrates that SeV is 
infectious to myoblasts during cell division, and post-mitotic 
immature as well as mature myotubes. 

25 

[Example 4] In vivo IGF-I gene transfer 

Since the high level hIGF-I expression in vitro and the 
introduction of the LacZ gene into the regenerated and mature myofibers 
by SeV-mediated gene transfer in vivo was confirmed, as the next step, 

30 the present inventors determined whether hIGF-I introduced into rat 
skeletal muscle via SeV-mediated gene transfer could promote the 
growth of rat skeletal muscle, such as increase in the number of 
myofibers and myotube hypertrophy. First the expression of hIGF-I 
in the tibialis anterior muscle was determined by Western blot 

35 analysis. 200 jil of allantoic fluid, viral solvent containing 
hIGF-I/SeV with 2 x 10e8 PFU (a four times higher PFU than that in 
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previous experiments) , and LacZ/SeV with 2 x 10e8 PFU, respectively, 
were injected into the tibialis anterior muscle of adult 
Sprague-Dawley rats. 

1 week, 2 weeks, and 30 days after injections, the animals were 
5 euthanized by a lethal dose' of sodium pentobarbital. The tibialis 
anterior muscles were excised and then subjected to histological 
staining and Western blotting. Human IGF-I in the rat muscles was 
assayed by Western blotting-. 100 (ig of muscle tissue was frozen in 
liquid nitrogen, and then milled with a mortar and pestle. 500 [xl 

10 of chilled 1 M acetic acid was added to each tissue. The mixture was 
homogenized and then left standing on ice for 2hr. After 
centrifugation at 3, 000 x g for 15 min, the supernatant was collected. 
Fresh 1 M acetic acid was added to the precipitate for reextraction . 
Then, the two supernatants were combined, frozen at -70 °C, lyophilized, 

15 and suspended in 300 \xl of 50 mM Tris-HCl buffer (pH 7.8). After 
concentrating the solution from 50 jul to 10 |il, the solution was 
subjected to Western blotting. 

For immunohistochemical staining of regenerating myofibers, 
excised tibialis anterior muscle that was immediately frozen in 

20 isopentane cooled in liquid nitrogen was used. The obtained sample 
was cut to 10 ixm thick sections, and were placed on lysine coated 
slides. The immunostaining of regenerating myofibers was conducted 
by primary antibody reaction treatment of the sections with mouse 
anti-embryonic myosin heavy chain monoclonal antibody (BF-45) ; 

25 incubating with secondary biotinylated anti-mouse IgG (1:100; Vector, 
Burlingame, CA) for 1 hr at room temperature; and then incubating 
with streptoavidin-biotin complex (1:200 dilution; Vector, 
Burlingame, CA) for 1 hr at room temperature for coloring. The 
avidin-biotin complex was visualized with 0.05 M Tris-HCl buffer (pH 

30 7.6) containing 0.05% 3, 3 1 -diaminobenzidine tetrahydrochloride and 
0.01% hydrogen peroxide. The sections were then counterstained with 
eosin. The monoclonal antibody BF-45 was developed by Dr. S. 
Schiaffino (Hum. GeneTher. 5, 11-18 (1994)), Padova, Italy, and was 
obtained from the American Type Culture Collection (Manassas, VA) . 

35 To assess the regenerating effect of hIGF-I, the number of anti-BF-45 
immunopositive fibers were counted 7 days after the injection. In 
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addition, to evaluate the hypertrophic effect of hIGF-I, the number 
of splitting fibers of muscles were counted after 30 days. 

As a result, one week after injection, the samples of the 
tibialis anterior muscle treated with IGF-I/SeV demonstrated a band 
5 of a molecular mass of approximately 8-9 kDa with anti-hIGF-I antibody. 
This value (Fig. 4A, lanes 4 and 5) is not consistent with that observed 
in the culture supernatant (Fig. 1A) . The precursor of hIGF-I, 
observed in the in vitro experiment seem to convert in vivo due to 
protease cleavage to the mature form of hlGF-I reported to be 7.7 

10 kDa (Bio Science, .Cytokinin' growth factor, Yodosya, pp. 104-105). 

Next, the effect of hIGF-I on normal mature muscle was examined. 
Adult rats (6 week old) received injection of (1) hIGF-I/SeV (2 x 
10e8 PFU) into the left tibialis anterior muscle and LacZ/SeV (2 x 
10e8 PFU) into the right tibialis anterior muscle (group 1); (2) 

15 hIGF-I/SeV (2 x 10e8 PFU) into the left tibialis anterior muscle alone 
(n-12) (group 2); (3) LacZ/SeV (2 x 10e8 PFU) into the left tibialis 
anterior muscle alone (n=12) (group 3); or (4) allantoic fluid alone 
into both tibialis anterior muscles (n=3) (group 4). 

Seven days after the viral injection of both IGF/SeV and 

20 LacZ/SeV in group 1, fiber resolution due to massive necrosis; edema 
formation in the perimysium; and infiltration of numerous mononuclear 
phagocytotic macrophages, lymphocytes, and some neutrophils in the 
extracellular space were detected in the myofibers at the 
administration site of the remaining sections (Fig. 5d and g) . The 

25 remaining normal sized myofibers within the necrotic area were invaded 
by numerous acid phosphatase-positive macrophages (Fig. 5c and h) . 
However, no damage, just appearance of a very small amount of 
macrophages , could be observed in the muscle treated with the allantoic 
fluid alone (Fig. 5a and b) . Taken together, SeV introduction causes 

30 damage and induces necrosis in the infected muscle, followed by the 
infiltration of macrophages, lymphocytes, and so on, which remove 
the necrotic muscle . Phagocytosis, however, is a very important event 
for muscle regeneration, since the regeneration is inhibited by 
persisting necrotic tissue. After phagocytosis, muscle precursor 

35 cells or satellite cells are activated and proliferation of myoblast 
is known to start ( Jikkenigaku, Yodosya, 444-448 (2000.3.)). 
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Moreover, three days after the bupivacaine treatment, the muscle is 
reported to be composed of mononucleated cells and small myotubes 
positive for anti-MyHC monoclonal antibody (BF-45) , which cells are 
indices of regenerating myofibers (Hum. Gene Ther. 5, 11-18 (1994)). 
5 Very small round myofibers with central nuclei were observed in 
infiltrating macrophages . Therefore, immunoreaction of these cells 
against BF-45 was examined. A significantly larger number of 
BF-45-positive regenerated myofibers was observed in the left 
tibialis anterior muscle that received hIGF-I/SeV injection (Fig. 

10 5f ) in comparison to the right tibialis anterior muscle which received 
the LacZ/SeV inj.ection (Fig. 5i) . As shown in Fig. 6, the average 
numbers of BF-45 immunopositive fibers in group 1 animals were 44 6 
(n=4) and 1,722 (n=4) for LacZ/SeV (right) and IGF-I/SeV (left), 
respectively. No BF-45 immunopositive myofiber was detected in the 

15 animals treated with allantoic fluid (group 4, Fig. 5c) . 

14 days after virus vector administration, the number of 
macrophages dramatically decreased in both hIGF-I/SeV and LacZ/SeV 
treated muscles (Fig. 7) (groups 1, 2, and 3) . In the LacZ/SeV treated 
muscle, medium myofibers with the same size having central nuclei 

20 increased (Fig. 7C) . On the other hand, in the IGF-I/SeV treated 
muscle, a few necrotic fibers remained with scattered macrophages 
(data not shown) and various sized myofibers including small sized 
fibers could be observed (Fig. 7B) , which indicate continuous 
formation of new fibers. No infiltration of fibroblasts and 

25 consequent collagenization were observed in either the hIGF-I/SeV 
or LacZ/SeV treated muscles . The space occupied by interstitial cells , 
mainly macrophages , 7 days after viral induction was found to be almost 
completely replaced by the regenerated myofibers (Fig. 7B and C) . 

3D days after virus vector administration, the size of muscle 

30 returned nearly to normal and evenly in the treated muscles of the 
group 1 animals (Fig. 8 and 9) . In the hIGF-I/SeV treated muscles 
of the group 1 animals, cluster of medium sized myofibers was 
interspersed among the normal sized myofibers (data not shown) . The 
total number of myofibers in the hIGF-I/SeV treated muscle of the 

35 group 1 animals was 17% higher than that in the LacZ/SeV treated muscle 
(P<0.03, n=4) (Fig. 9) . In groups 3 and 4, no statistical significant 
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difference in the numbers of fibers existed between the right and 
left muscles (data not shown) . Furthermore, the numbers of splitting 
fibers, which is a common result of hypertrophy, increased. The 
average number of splitting fibers in hIGF-I/SeV treated muscles of 
5 group 1 animals was 6.1 times as much as those in LacZ/SeV treated 
muscles (Fig. 9) . These data indicate that this splitting phenomenon 
might have induced the increase in the total number of myofibers in 
muscles treated with hIGF-I/SeV. 

The effect .of I'GF-I on 'mature skeletal muscles have been 

10 reported-'several times. Adans and McCue (J. Appl . Physiol. 84 (5), 
1716-1722 (1998) ) investigated the effect of local infusion of IGF-I 
protein into normal rat tibialis anterior muscle. A significant 
increase in muscle weight, total protein, and total DNA could be 
observed in the IGF-I in j ected muscle . However, they failed to report 

15 the increase in the total number of myofibers. Barton-Davis et al. 
(Proc. Natl. Acad. Sci. USA 95, 15603-15607 (1998)) transferred the 
IGF-I gene into aged rats using an AAV vector. Although fiber 
regeneration and muscle hypertrophy could be observed, no increase 
in the number of regenerated myofiber could be detected. In the study 

20 by the present inventors, a significant increase in the number of 
regenerated fibers, hypertrophied fibers, and total fibers was 
observed in normal adult muscle due to the effect of overexpressed 
hIGF-I. The observed new myofiber formation may be a result of the 
high expression level of IGF-I achieved by the SeV vector. 

25 

[Example 5] Comparison of Gene Expression of Purified LacZ-SeV/dF 

and LacZ-SeV in mouse leg muscle 

Gene expression of additive Sendai virus vector derived from 

developing chicken egg chorio-allantoic fluid (LacZ-SeV) and purified 
30 F-deficient type LacZ Sendai virus vector derived from LLC/MK2/F/Ad 

cells (LacZ-SeV/dF) inj ected into leg muscle (dosage: 4 x 10 7 ClU/head) 

was compared by intramuscular administration using BALB/c mice. 

18 six-week-old male BALB/c mice (Charles River Japan, Inc.) 

were used in the experiment. The animals were acquired at the age 
35 of six weeks, and after a two-day acclimation period, the animals 

were divided into three groups each consisting of six animals: (1) 
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untreated group; (2) LacZ-SeV (4 x 10 7 ClU/head) group; and (3) 
LacZ-SeV/dF (4 x 10 7 ClU/head) group. Each viral solution was 
administered under ether anesthesia at a dosage of 2 x 10 8 ClU/ml, 
100 p.1 per cite at two cites for each animal on both sides of the 
5 tibialis anterior muscle using a 29G syringe while immobilizing the 
legs of the animals. The muscles were rubbed for about 1 minute after 
the administration. 

Three days after the administration, the animals were 
anatomized under, ether, anesthesia, and the leg muscle on the 

10 administered (right) side were sampled and used for LacZ assay. 

Quantification of LacZ was carried out as described below. 
First, leg muscle was excised (2 . 0 ml microtube) and frozen with liquid 
nitrogen. Next, 500 (J.1 of Lysis solution was added (muscle weight: 
approx. 500 mg) , and the muscle was homogenized (MultiPro) while 

15 cooling on ice. The homogenate was centrifuged (15000 rpm x 15 min) , 
and 10 ^1 of supernatant was sampled into an assay tube. Then, 70 
jil of Reaction Buffer A (100 \il kit containing 1 jxl of Galacton-Plus 
and 99 ^1 of Reaction Buffer; Galacton-Light-Plus, TROPIX, Cat. No. 
250065) was added and left standing for 30-60 minutes at room 

20 temperature while blocking from light . 100 |il of Accelerator was added 
to measure with luminometer. 

By comparing the gene expression (quantitative) in leg muscle 
3 days after administration, LacZ-SeV/dF and LacZ-SeV clearly 
exhibited stronger expression as compared with the untreated group 

25 (Fig. 10). When LacZ-SeV/dF and LacZ-SeV were compared, although 
there was some variation, the expression was determined to be nearly 
equal. This is believed to be due to the low influence of secondary 
infection in the muscle. For the treatment of muscle diseases by gene 
therapy, equal effects can be expected by the use of F-deficient type 

30 and the additive type viruses since no differences in gene expression 
were detected between the two. 

Industrial Applicability 

The present invention enabled introduction of genes into 
35 skeletal muscle with extremely high efficiency using Paramyxovirus 
vector. As a result, the present invention provides a basic technique 
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for gene therapy targeting skeletal muscle, particularly for systemic 
diseases and neuromuscular disorders. According to another aspect 
of the present invention, introduction into skeletal muscle of a gene 
encoding an insulin-like growth factor using the Paramyxovirus vector 
of the present invention is expected to be applicable for the treatment 
of atrophy, reduction, and denaturation of myof ibers . These findings 
are expected to potentiate current treatment methods for 
neuromuscular disorders. 
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CLAIMS 

1. A method for introducing a foreign gene into skeletal muscle, 
wherein said method comprises the step of administering a 

5 Paramyxovirus vector inserted with the foreign gene into skeletal 
muscle . 

2. The method according to claim 1, wherein the Paramyxovirus 
is Sendai virus. 

3. The method according to claim 1 or 2, wherein the foreign gene 
10 is a therapeutic gene.- . '"*■>.' 

4. "The method according to claim 1 or 2, wherein the foreign gene 
is a gene that encodes an insulin-like growth factor. 

5. A Paramyxovirus vector inserted with a foreign gene which is 
used for introducing the foreign gene into skeletal muscle. 

15 6. The vector according to claim 5, wherein the Paramyxovirus 

is Sendai virus. 

7. The vector according to claim 5 or 6, wherein the foreign gene 
is a therapeutic gene. 

8. The vector according to claim 5 or 6, wherein the foreign gene 
20 encodes an insulin-like growth factor. 

9. A composition for introducing a foreign gene into skeletal 
muscle which comprises a Paramyxovirus vector inserted with the 
foreign gene. 

10. The composition according to claim 9, wherein the 
25 Paramyxovirus is Sendai virus. 

11. The composition according to claim 9 or 10, wherein the 
foreign gene is a therapeutic gene. 

12. The composition according to claim 9 or 10, wherein the 
foreign gene encodes an insulin-like growth factor. 

30 13. The composition according to claim 12 which is used for 

increasing regenerating myofibers and/or splitting myofibers in 
mammal . 

14. The composition according to claim 12 which is used for the 
treatment of neuromuscular disorders. 



35 



THIS PAGE BLANK (usptd, 



35 



ABSTRACT 

Whether recombinant Sendai virus (SeV) vector can be used for 
transporting genes into skeletal muscle was examined using LacZ 
5 reporter gene and insulin-like growth factor gene. As a result, 
transgene expression continued at longest for 1 month after the 
injection. Compared with control, the transduction of the 
insulin-like growth factor gene caused a significant increase in 
regenerated fibers and splitting myofibers, i.e., an index of 

10 hypertrophy. Furthermore, the total number or myofibers increased 
by the gene. Thus, Paramyxovirus vectors, including Sendai virus, 
were shown to,: achieve 'a high-level expression of transgenes in skeletal 
muscle; and the high potential of the transduction of an insulin-like 
growth factor gene using a Paramyxovirus vector in treating 

15 neuromuscular disorders was indicated. 
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